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TO  THE 


MOST  REVEREND  FATHER  IN  GOD, 

'Thomas 

LORD  ARCHBISHOP  OF  CANTERBURYf, 

PRIMATE  OF  ALL  ENGLAND, 

THE  SURVIVING  TRUSTEE  OF  THE  HONOURABLE 
MR.  BOYLE'S  LECTURES. 

May  it  pleafe  your  Grace, 

J May  juftly  put  thefe  Lectures  under 
your  Grace’s  patronage,  their  publication 
being  wholly  owing  to  you : for  having  the 
honour  to  be  a Member  of  the  Royal  So- 
ciety, as  well  as  a Divine I was  minded  to 
try  what  I could  do  towards  the  improve- 
ment of  philofophical  matters  to  theological 
ufes  j and  accordingly  laid  a fcheme  of  what 
I have  here  publifhed  a part  of,  and  when  I 
had  little  elfe  to  do,  I drew  up  what  I had  to 

* Dr.  Thomas  Tenifon. 
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fay,  making  ii  rather  the  diverting  exerclfes 
of  my  leifure  hoiirs^  than  more  ferious  theolo-' 
gical  Jludies.  This  work  (although  I made 
a confiderable  progrefs  in  it  at  firft,  whilft  a 
novelty,  yet)  having  no  thoughts  of  publifh- 
ing,  I laid  afide,  until  your  Grace,  being  in- 
formed of  my  defign  by  fome  of  my  learned 
friends,  both  of  the  Clergy  and  Laity,  was 
pleafed  to  call  me  to  the  unexpe<Sled  Lonour 
of  preaching  Mr.  Boyles,  Lectures;  an 
honour  I was  little  aware  of  in  my  country 
privacy,  and  not  much  acquainted  with  per- 
fons  in  high  ftations,  and  not  at  all  particu- 
larly with  your  Grace.  So  that  therefore  as 
it  pleafed  your  Grace,  not  only  to  confer  an 
unfought,  profitable  honour  upon  me  (a 

I , 

firanger),  but  alfo  to  continue  it  for  tw» 
years,  out  of  your  good  opinion  of  my  .per- 
formance, in  fome  meafure  anfwering  Mr, 
Boyle^s  end ; fo  I can  do  no  lels  than  make 
this  public,  grateful  acknowledgment  of  your 
Grace’s  great  and  unexpedled  favour,  j 

. . . • ' 

But  it  is  not  myfelf  alone  ; but  the  whole 
Lecture  alio  is  beholden  to  your  Grace’s 
II  « ' hind 
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kind  and  pious  endeavours.  It  was  you  that 
encouraged  this  noble  charity,  and  affifted 
in  the  fettlement  of  it,  in  the  honourable 
lifetinae  ;_and  fince  his  death,  it  was 
you  that  procured  a more  certain  falary  for 
the  Lecturers,  paid  more  conftantly  and 
duly  than  it  was  before 

Thefe 

* It  may  not  only  gratify  the  Reader’s  curiofity,  but 
alfo  be  of  ufe  for  preventing  encroachments  in  time  to 
come,  to  give  the  following  account  of  Mr.  Bojle\  Lec- 
tures. 

Mr.  Bo^ky  by  a codicil,  dated  July  the  28th,  idpi,  and 
annexed  to  his  will,  charged  his  mefluage  or  dwelling- 
houfe,  in  St,  MichaePsy  Crooked  Laney  Londotiy  with  the 
payment  of  the  clear  yearly  rents  and  profits  thereof,  to 
Tome  learned  Divine  In  Bondotiy  or  within  the  bills  of  mor- 
tality, to  be  ele<[led  for  a term  not  exceeding  three  years, 
by  his  Grace  the  prefent  Lord  Archbifhop  of  Canterbury y 
(then  Dr.  Temjon^  Sir  Henry  AJlohurJl y Sir  John  Rotherain, 
and  John  Bvelyny  Efq.  The  bufinefs  he  appointed  thofe 
Lediures  for,  was,  among  others,  To  be  ready  to  fattsfy  real 
fcrupleSy  and  to  anjwer  fuch  neiu  objeElions  and  difficultjes  as 
might  be  Jlartedy  to  which  good  anfwers  had  not  been  made. 
And  alfo.  To  preach  eight  fennons  in  the  year^  the  firjl 
Monday  of  January,  February,  March,  April,  ^WMayj 
o/" September,  Odtober,  and  November.  The  fubjeft 
of  thefe  fermons  was  to  be.  The  proof  of  the  Chrijlian  re- 
ligion agatnf  notorious  infidels y viz.  Atbeifisy  Theifis,  Pagans y 
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Thefe  benefits,  as  I myfelf  have  been  a 
fharer  of,  fo  I fhould  be  very  ungrateful, 
fhculd  I not  duly  acknowledge,  and  repay 
with  my  repeated  thanks  and  good  wifhes. 
And  that  the  Infinite  Rewarder  of  well-doing 
may  give  your  Grace  a plentiful  reward  of 
thefe,  and  your  many  other,  both  public  and 
private,  benefadions,  is  the  hearty  wifh  of 

Your  Grace’s 

Moft  humble  and  thankful 
Son  and  Servant, 

I 

W.  Derham. 


yewSy  and  Mahometans  ; not  defcending  lower  to  any  contro^ 
verftes  that  arc  among  Chrijiians  themfelves.  But  by  reafon 
the  Le£lurers,were  feldom  continued  above  a year,  and  that 
the  houfe  fometimes  flood  empty,  and  tenants  brake,  or 
failed  in  due  payment  of  their  rent,  therefore  the  falary 
fometimes  remained  long  unpaid,  or  could  not  be  gotten 
without  fome  dilEculty  : to  remedy  which  iriconveiiience, 
his  prefent  Grace  of  Canterbury  procured  a yearly  ftipend 
of  50/.  to  be  paid  quarterly  for  ever,  charged  upon  a farm 
in  the  parifli  of  Brill  in  the  county  of  Bucks  : which  ftr- 
pend  is  accordingly  very  duly  paid,  when  demanded, 
without  fee  or  reward. 


^ . I, 
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author's  preface. 


' TO  THE  READER. 

0 

the  noble  Founder  of  the  Lectures  I have 
had  the  honour  of  preaching,  was  a great  im- 
prover of  natural  knowledge,  fo,  in  all  probability, 
he  did  if  out  of  a pious  end,  as  well  as  in  purfuit 
of  his  genius.  For  it  was  his  fettled  opinion,  that 
nothing  tended  more  to  cultivate  true  religion  and 
piety  in  a man’s  mind,  than  a thorough  fklll  in 
philofophy.  And  fuch  effed  it  manifeftly  had  in 
him,  as  is  evident  from  divers  of  his  publiflied 
pieces ; frorn  his  conftant  deportment  in  never 
mentioning  the  name  God  without  a paufe,  and 
vifible  Jiop  in  his  difcourfe  * ; and  from  the  noble 
foundation  of  his  Ledlures  for  the  honour  of  God, 
and  the  generous  ftipend  he  allowed  for  the 
faipe. 

* Vide  ^ifhop  Burnet’s  Funeral  Sermon,  p.  24, 
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And  forafmuch  as  his  Ledlures  were  appointed 
by  him  for  the  proof  of  the  Chrijlian  religion  againfl 
athei/is  and  other  notorious  infidels  *,  I thought,  when 
I had  the  honour  to  be  made  his  Lecturer,  that  I 
could  not  better  come  up  to  his  intent,  than  to  at- 
tempt a demonftration  of  the  Being  and  Attributes  of 
God,  in  what  I may  call  Mr.  Bofie\  own,  that  is  a 
Phyjico-theological^  way.  And,  befides  that  it  was 
for  this  very  fervice  that  I was  called  to  this  honour, 
I was  the  more  induced  to  follow  this  method,  by 
reafon  none  of  my  learned  and  ingenious  predecef- 
fors  in  thefe  Lectures  have  done  it  on  purpofe,  but 
only  cafually,  in  a tranfient,  piece-meal  manner ; 
they  having  made  it  their  bufmefs  to  prove  the 
great  points  of  Chriftianity  in  another  way,  which 
they  have  accordingly  admirably  done.  But  con- 
fidering  what  our  honourable  Founders  opinion  was 
of  natural  knowledge,  and  that  his  intent  was,  that, 
thofe  matters,  by  paffing  through  divers  hands,  and 
by  being  treated  of  in  different  methods,  fliould 
take  in  moft  of  what  could  be  faid  upon  the  fubjeft  ; 

I hope  my  performance  may  be  acceptable,  al- 
though one  of  the  meaneft. 

As  for  others,  who  have  before  me  done  fome- 
thing  of  this  kind ; as  Merfenne  on  Gcnefis  j Dr. 

' • * Vide  Mr.  BoyU\  Will. 

Cockburne 


PREFACE. 


Vll 


Cockbiirne  in  his  Effays  ; Mr.  Ray  in  his  Wifdom  of 
God,  he.  and  I may  add  the  firft  of  Mr.  Boyld^ 
Ledtirersjihe  moft  learned  Dr.  Bentley,  in  his  Boykos 
LeSlures,  the  eloquent  Archbifhop  of  Cambray  (and 
I hear,  the  ingenious  Monfieur  Perault  hath  fome- 
thing  of  this  kind,  but  never  faw  it)  : I fay,  as  to 
thefe  learned  and  ingenious  authors,  as  the  Creation 
is  an  ample  fubjed,  fo  I induftrioully  endeavoured 
to  avoid  doing  over  what  they  before  had  done ; 
and  for  that  reafon  did  not,  for  many  years,  read 
their  books  until  I had  finilhed  my  own.  But 
when  I came  to,  compare  what  each  of  us  had 
done,  I found  myfelf  in  many  things  to  have  been 
anticipated  by  fome  or  other  of  them,  efpecially  by 
my  friend  the  late  gfeat  Mr.  Ray.  And  there- 
fore in  fome  places  I fhortened  my  difeourfe,  and 
referred  to  them  j and  in  a few  others,  where  the 
thread  of  my  difeourfe  would  have  been  interrupted^ 
I have  made  ufe  of  their  authority,  as  the  bell 
judges  ; as  of  Mr.  Ray\,  for  inftance,  with  relation 
to  the  mountains  and  their  plants,  and  other  pro- 
ducts. If  then  the  Reader  fhould  meet  with  any 
thing  mentioned  before  by  others,  and  not  accord- 
ingly acknowledged  by  me,  I hope  he  will  can- 
didly think  me  no  plagiary,  becaufe  I can  alTure 
him  I have  all  along  (where  I was  aware  of  it) 
cited  my  authors  with  their  due  praife.  And  it  is 
fcarcely  poffible,  when  men  write  on  the  fame,  or  a 
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fubjeft  near  a-kin,  and  the  obfervations  are  obvi-. 
ous,  but  that  they  muft  often  hit  upon  the  fame 
thing.  And  frequently  this  may  happen  from 
perfons  making  obfervations  about  one  and  the 
fame  thing,  without  knowing  what  each  other 
hath  done ; which  indeed,  when  the  firft  edition 
of  my  book  was  nearly  printed  off,  I found  to  be 
my  own  cafe,  having  (for  want  of  Dr.  Hook’s  Mi~ ' 
orography  being  at  hand,  it  being  a very  fcarce 
book,  and  many  years  fmee  I read  it)  given  de- 
feriptions  of  two  or  three  things  which  I thought 
had  not  been  tolerably  well  obferved  before,  but 
are  deferibed  well  by  that  curious  gentleman. 

One  is  a feather.,  the  mechanifm  of  which  we 
in  the  main  agree  in,  except  in  his  reprefentation  in 
jig.  I.  fcheme  12.  which  is  fomewhat  different  from 
what  I havereprefentedin  rceyfig.  9,  10, 1 1.  Plate H, 
But  I can  (land  by  the  truth,  though  not  the  ele- 
gance of  my  figures  *.  But  as  to  the  other  differ- 
ences, they  are  accidental,  occafioned  by  our 
taking  the  parts  in  a different  view,  or  ’in  a dif- 
ferent part  of  a vane  j and  to  fay  the  truth,  (not 
flattering  myfelf,  or  detracting  from  the  admir- 
able obfervations  of  that  great  man,)  I have  hit 

* The  former  Editions  of  this  work  contained  only  a finglc 
Plate,  and  that  very  poorly  executed. 
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vpon  a few  things  that  efcaped  hrm,  being 
enabled  to  do  fo,  not  only  by  the  help  of  fuch  mi- 
erofcopes  as  he  made  ufe  of,  but  alfp  by  thofe 
made  by  Mr.  Wilfon,  which  exceed  all  I ever 
faw,  whether  of  Englijh,  Dutch,  or  Italian  make  j 
feveral  of  whi^h  forts  I have  feen  and  examined, 

The  other  thing  we  have  both  of  us  figured 
and  defcribed  is,  the  Jiing  of  a bee  or  wafp ; in 
which  we  differ  more  than  in  the  laft.  But  by  a 
careful  re-examination,  I find,  that  although  Dr. 
Hookh  obfervations  are  more  critical  than  any 
where  before,  yet  they  are  not  fo  true  as  mine. 
For  as  to  the  fcabbard,  (as  he  calls  it,)  I could 
never  difcoyer  any  beards  thereon  ; and  I dare  be 
confident  there  are  none,  but  what  are  on  the 
two  fpears.  And  as  to  the  point  of  the  fcabbard, 
he  hath  reprefented  it  as  tubular  or  bluntifh  at 
the  top ; but  it  really  terminates  in  a fharp  point, 
and  the  two  fpears  and  the  poifon  come  out  at  a 
flit,  or  longifh  hole,  a little  below  the  top  or  point. 
And  as  to  the  fpears,  he  makes  them  to  be  but 
one,  and  that  the  point  thereof  lies  always  out  of 
the  fcabbard.  But,  by  a ftria  examination,  they 
will  be  found  to  be  two,  as  I have  faid,  and  that 
they^  always  lie  within  the  fcabbard,  except  in 
Ringing  j as  I have  reprefented  them,  in  Plate  E, 
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fig.  1.  from  the  tranfparent- fling  of  a wafp.  And 
as  to  the  fpear  being  made.of  joints,  and  parted  inta 
two,  as  his  fig.  2.  fcheme  16.  repr^ents,  I. could 
never  upon  a review  difcover  it -to  be 'fo,  but 
imagine,  that  by  feeing  the  beards-  lying  upon  or 
behind  the  fpears,  he  might  take  them  for  joints, 
and  by  feeing  the  point  of  one  fpear  lie  before 
the  other,  he  might  think  the  fpear  was  parted  in 
two.  But  left  the  Reader  fhould  think  himfelf 

t 

impofed  upon  both  by  Dr.  Hook  and  myfefi  it  is 
neceflary  to  be  obferved,  that  the  beards  (or  tenter., 
kooks,  as  Dr.  Hook  calls  them)  lie  only  on  one  fide 
of  each  fpear,  not  all  round  them ; and  are  there- 
fore not  to  be  feeii,  unlefs  they  are  laid  in  a due 
pefture  in  the  microfcope,  viz.  fide-ways,  not 
under,  or  a-top  the  fpear. 

Ihe  laft  thing  (which  fcarce  deferves  mention) 
is  the  mechanifm  of  the  hair,  M'hiclf  Dr.  Hook 
found  to  be  folid,  like  a long  piece  of  horn,  not 
hollow,  as  Malpighi  found  it  in  fome  animals. 
And  I have  found  both  thofe  great  men  to  be  in 
fome  meafure  m the  right,  the  hair  of  fome  ani- 
mals, or  in  fome  parts  of  the  body,  being  very 
little,  if  at  all,  tubular  ; and  in  others,  particularly 
miee,  rats,  and  cats,  to  be  as  I have  reprefented  in 
Plate  F.  fig.  2,  3j  4?  5* 
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And  now  If  my  Inadvertency  In  other  things 
hath  no  worfe  effe£t  than  it  hath  had  in  thefe, 
namely,  to  confirm,  cor  reft,  or  clear  others  ob- 
fervations,  I hope  the  Reader  will  exciife  it,  if  he 
meets  with  any  more  of  the  like  kind.  But  not 
being  confcious  of  any  fuch  thing,  (although  pro- 
bably there  may  be  many  fuch,)  I am  more  folicit* 
ous  to  beg  the  reader’s  candour  and  favour,  with 
relation  both  to  the  text  and  notes : in  the  former 
of  which,  I fear,  he  will  think  I have  as  much  un- 
der-done, as  in  the  latter  over-done,  the  matter : 
but  for  my  excufe,  I defire  it  may  be  confidered, 
that  the  textual  part  being  fermons,  to  be  deliver- 
ed in  the  pulpit,  it  was  neceffary  to  infill  but 
briefly  upon  many  of  the  works  of  Goo,  and  to 
leave  out  many  things  that  might  have  been  admitted 
in  a more  free  difcourfe.  So  that  I wifh  it  may 
not  be  thought  I have  faid  too  much  rather  than 
too  little  for  fuch  an  occafion  and  place.  And 
indeed,  I had  no  fmall  trouble  in  expunging  fome 
things,  altering  many,  and  foftening  the  mofl,  and, 
in  a word,  giving  in  fome  meafure  the  whole  a 
different  drefs  than  what  I had  at  firfl  drawn  it 
up  in,  and  what  it  now  appears  in. 

And  as  for  the  notes,  which  may  be  thought 
too  large,  I confefs  I might  have  fliorteiied  them, 

and 
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and  had  thoughts  of  doing  dt,  by  cafting  fome  of 
them  into  the  text,  as  an  ingenious,  learned  friend 
advjfed.  But  when  I began  to  do  this,  I found  it 
■was  in  a manner  to  new-make  all,  and  that  I 
ijiould  be  neceflitated  to  tranfcribe  the'greateil 
part  of  the  book,  which  (having  no  afiiftant) 
would  have  been  too  tedious  for  me,  being  pretty 
well  fatigued  with  it  before.  I then  thought  it 
bell  to  pare  off  from  fome,  and  to  leave  out 
others,  and  accordingly  did  fo  in  many  places, 
and  would  have  done  it  in  more,  particularly 
in,  many  of  the  citations  out  of  the  Atuicnts, 
both  poets  and  others,  as  alfo  in  many  of  the 
qnaiomical  ohjervations,  and  many  of  nty  ov'n  and 
others  obfervations  j but  then  I confidered,  as  to 
the  firft,  that  thofe  citations  do  (many  of  them  at 
leafl)  fliew  the  fenfe  of  mankind  about  God’s 
works,  and  that  the  moil  of  them  may  be  accept- 
able to  young  gentlemen  at  the  univerfities,  for 
whofe  fervice  thefe  Leftures  are  greatly  intended. 
And  as  to  the  anatomical  notes,  and  fome  others 
of  the  like  nature,  mod  of  them  ferve  either  to  the 
confirmation,  or  the  illuftration,  or  explication  of 
the  text,  if  not  to  the  learned,  yet  to  the  unfkilful, 
lefs  learned  reader  ; for  whofe  'fake,  if  I had  added 
mpre,  I believe  he  would  forgive  me.  And  laflly, 
as  to  the  obfervations  of  myfclf,  and  fome  others, 

where 
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it  happens  that  they  are  long,  it  is  com* 
monly  where  a neceffity  lay  upon  me  of  fully 
expreffing  the  Author’s  fenfe,  or  my  own,  or 
where  the  thing  was  new,  and  never  before  pub* 
lilhed  j in  which  cafe,  it  was  neceifary  to  be  more 
exprefs  and  particular,  than  in  matters  better 
known,  or  where  the  Author  may  be  referred 
unto. 

In  the  fornier  editions  I promifed  another  part  1 
had  relating  to  the  Heavens^  if  I was  thereunto  en* 
couraged.  And  two  large  ‘ impreffions  of  this 
book,  having  been  fold  off,  fo  as  to  admit  of  a 
third  before  the  year  was  gone  about ; and  hearing 
that  it  is  tranflated  into  two,  if  not  three  lan- 
guages ; but,  efpecially,  being  importuned  by  di- 
vers learned  perfons,  both  known  and  unloiown, 
I have  thought  myfelf  fufficiently  engaged  to  per- 
form that  promife ; and  have  accordingly  pub- 
lilhed  that  part. 

So  that  I have  now  carried  my  furvey  through 
mofl  parts  of  the  vifible  creation,  except  the  ‘iva4 
ters,  which  are  for  the  moft  part  omitted  j and 
the  vegetables,  which,  for  the  want  of  time,  I was 
forced  to  treat  of  in  a perfunaory  manner.  And 
to  the  undertaking  of  the  former  of  thefe,  having 

received 
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received  Givers  felicitations  from  perfons  un- 
known, as  well  as  known,  I think  myfelf  bound 
in,  civility  to  own  their  favour,  and  to  return  them 
my  hearty  thanks  for  the  kind  opinion  they  have 
Ihewn  of  my  other  performances,  that  they  have 
encouraged  me  to  undertake  this  other  talk.  And 
accordingly  I have  begun  it,  and  (as  far  as  my 
affairs -will  permit)  have  made  feme  progrefs  in  it  : 
but  age  and  avocations  growing  upon  me,  I begin 
to  fear  I fhall  fcarce  be  able  to  finifli  it  as  I would, 
and  therefore  mull  • recommend  that  ample  and 
noble  fubjed  to  others,  who  have  more  leifure, 
and  would  do  it  better  than  I. 

As  to  additions^  I have  been  much  folicited 
tkereto  by  divers  curious  and  learned  perfons, 
who  would  have  had  me  to  infert  fome  of  their 
obfervations,  and  many  more  of  my  own:  but 
in  a work  of  this  nature,  this  would  have  been 
endlefs ; and  although  the  book  would  thereby  be 
rendered  much  better  and  more  complete,  yet  I 
could  by  no  means  excufe  fo  great  an  injuftice  to 
the  purchafers  of  the  former  editions.  And  there- 
fore (except  in  the  fecond  edition,  where  it  was 
not  eafy  to  be  avoided)  few  additions  or  alterations 
have  been  made,  befides  what  w^ere  typographical^ 
or  of  fmall  confideration.  Only  in  die  third  edi- 
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tion  I amended  the  firft  paragraph  of  note  i . chap.  5* 
book  i.  concerning  Gravity ; and  in  the  fourth,  page 
16  and  18,  I infer  ted  two  paffages  out  of  Seneca,  - 
that  were  inadvertently  left  out,  and  corredled 
many  things,  that  upon  a careful  review  feemed 
to  want  amendment. 

* 

And  laftly,  7!i^  to  ihe  Analyfis,  it  was  added  at 
the  requeft  of  fome  of  my  learned  and  ingenious 
friends ; and  although  it  might  have  been  con-  ' 
tracked,  they  would  not  fuffer  it  to  be  fo. 
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rHE  REV,  DR.  WILLIAM  DERHAM. 


I^ILLIAM  Derham  was  bora  at  Stowton  In 
the  county  of,  Worcefter,  26th  November 
1657.  Of  the  condition  of  his  parents  we  have  no 
account;  though  it  is  probable  their  rank  in  life 
was  refpeaable,  as  their  fon  enjoyed  the  benefit  of 
a moft  liberal  education.  The  rudiments  of  his 
literary  knowledge  he  received  at  Blockley  in 
Worceflerfhire,  under  the  Reverend  Mr.  Nathaniel 
Collier ; and  in  May  1 675,  being  then  in  the  1 8th 
year  of  his  age,  he  became  a ftudent  of  Trinity  Col- 
lege, Oxford,  and  had  for  his  tutor  the  learned  Dr. 
Willes,  father  to  that  eminent  Lawyer,  who  was 
afterwards  Lord  Chief  Juflice  of  the  Common 
Pleas.  Mr.  Derham  took  the  degree  of  Bache- 
lor of  Arts,  January  28,  1678-9;  and  being 
diftinguifhed  no  lefs  by  his  learning  and  in- 
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genuity,  than  by  his  many  amiable  qualities  of  mind, 
he  fo  ingratiated  himfelf  with  the  Prefident  of  his 
college,  Dr.  Bathurft,  as  to  obtain  from  him  a moil 
warm  recommendation  to  Dr.  Ward,  Bifliop  of 
Salilbury;  by  whofe  intereft,  as  foon  as  he  had  en- 
tered into  holy  orders,  he  procured  the  appoint- 
ment of  domeftic  chaplain  to  the  Dowager  Lady 
Grey  of  Warke.  He  was  ordained  Deacon,  May 
29th,  1681,  by  Dr.  Compton,  Bifliop  of  London; 
and  Priefl  in  the  year  following,  by  the  Bifhop  of 
Salifbury. 

On  the  5th  July  1682,  he  was  prefented  by  Mr. 
Neville  to  the  vicarage  of  Wargrave  in  Berkfhire ; 
and  in  1689  obtained  the  redlory  of  Upminfter 
in  Effex,  a living  of  above  200 1.  a year,  and  at  the 
fhort  diflance  of  15  miles  from  the  metropolis;  a 
fituation,  to  a perfon  of  our  Author’s  turn  of  mind, 
highly  defirable,  as  giving  him  the  enjoyment  of 
the  fociety  of  thofe  men  of  letters  who  cultivated 
fimilar  purfuits,  the  opportunity  of  attending  the 
meetings  of  the  Royal  Society,  and  the  eafy  attain- 
ment of  fuch  books  and  inflruments  as  were  necef- 
fary  for  the  profecution  of  his  favourite  fciences  of 
natural  hiftory  and  experimental  philofophy.  To 
thefe  fludies  he  therefore  applied  himfelf  with  an 
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enthufiafra  congenial  to  his  nature,  and  with  a 
meafure  of  fuccefs  proportioned  to  his  exertions. 

Mr.  Derham’s  reputation  as  a philofopher  had 
very  early  procured  him  the  honour  of  being 
eleded  a Fellow  of  the  Royal  Society ; and  he  foon 
approved  himfelf  one  of  its  moft  ufeful  and  induf- 
trious  members,  by  furnilhing  a very  great  number 
of  ingenious  eflays  and  obfervations,  which,  during  a 
period  of  above  thirty  years,  form  a valuable  part 
of  the  Philofophical  Tranfaftions. 

♦ 

- Of  thefe  the  moft  worthy  of  notice  are  : i . De^ 

Jcription  and  UJes  of  an  lnftru7nent  for  fnding  the 
Meridian  of  any  Place ; and  for  obferving  the 
Tranfits  of  the  Celeftial  Bodies  over  it.  The  prin- 
cipal  ufes  of  this  inftrument,  which  is  extremely 
limple  in  its  conftruftion,  the  Author  obferves.  are, 
imo.  That  we  may  fee  when  it  is  noon^  in  all  places 
within  one,  two,  or  at  moft  three  feconds  of  time  5 
fo  that  it  much  exceeds  in  accuracy  all  forts  of  fun- 
dials  ; and  that,  without  the  neceflity  of  any  ad- 
juftment  to  particular  latitudes,  &c.  o.do.  It  points 
out  with  exaanefs  the  precife  errors  of  all  fun-dials. 
Ziio,  As  the  fixed  ftars  as  well  as  the  fun  may  be 
feen  to  tranfit  the  meridian,  the  hour  of  the  night 
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as  -well  as  of  the  day  may  thereby  be  known  with 
great  precifion.  4to,  The  hour  of  the  day  and 
night  being  thus  difcoverable  to  within  one,  two, 
or  three  feconds,  the  inftrument  may  be  ufeful  in 
finding  the  exaft  difference  of  meridians,  either  by 
the  eclipfes  of  Jupiter^s  fatellites,  or  the  occultation 
of  the  fixed  flars  by  the  moon,  A meridian 

line  may  thereby  be  continued  for  many  miles. 
The  account  of  this  ufeful  inftrument  is  to  be 
found  in  No.  291  of  the  Philofophical  Tranf- 

adions.  , 

♦ 

2.  Magnetical  Eicperiments  and  Obfervahons. 
This  paper  is  publifhed  in  the  Philofophical  Iranf- 
aaions,  No.  303.  The  chief  experiments  here 
noticed  are,  the  bending  a magnetifed  wire  into  an 
annular  form,  fo  as  to  make  the  two  ends  meet,  and 
then  bringing  it  back  to  a ftraight  figure  5 when  it 
was  found  to  have  totally  loft  its  verticky,  fo  as  to 
be  quite  indifferent  to  the  poles  of  the  loadftone; 
either  end  of  it  becoming  capable  of  being  attraded 
by  either  pole  of  the  magnet,'  in  the  fame  manner 
as  if  the  wire  had  never  been  touched  at  all,  or  its 
magnetic  virtue  had  been  deftroyed  by  heating  it 
red  hot.  The  caufe  of  this  extraordinary  phxno- 
rnwon  the  Author  fuppofes  to  be  the  reparation  of 
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the  fibres  of  the  iron  by  the  extreme  violence  it  has 
fufferedj  and  the  change  of  their  fituation  with  re- 
fped:  to  each  other.  In  this  paper  Mr.  Derham  de- 
tails many  curious  experiments  he  made  by  twifting 
magnetifed  wires,  and  by  fplitting  or  cleaving  them. 
The  effedl  of  the  former  operation  was  always  to 
weaken,  and  fometimes  to  invert  the  verticity  j the 
effect  of  the  latter  was  fometimes  to  change  the 
verticity,  and  fometimes  not.  He  likewife  takes 
notice  of  a curious  fadl,  viz.  that  the  orb  of  the 
adivity  of  magnets  is  larger  and  fmaller  at  different 
times ; fo  that  the  fame  magnet  which  at  one  time 
will  exert  its  influence  to  the  diftance  of  nine  feet, 
will  at  another  not  extend  its  operation  beyond 
three  feet.  From  his  magnetical  experiments  and 
obfervations,  Mr.  Derham  communicated  to  the 
Royal  Society  likewife  the  following  curious  dif- 
covery  which  he  has  alfo  mentioned  in  the  5th 
Book  of  his  Phyfico-Theology  j viz.  “ That  as  the 
common  horizontal  needle  is  continually  va- 
“ rying  up  and  down  towards  the  eafl:  and  weft, 
“ fo  is  the  dipping  needle  varying  up  and  down 
towards  or  fromwards  the  zenith,  with  its 
magnetic  tendency  defcribing  a circle  round  the 
“ pole  of  the  world,  (as  the  Author  conceives,)  or 
“ fome  other  point.  So  that  if  a needle  could  be 
procured  fo  nicely  made  as  to  point  exaflly  ac- 

^ 3 “ cording 
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“ cording  to  its  magnetic  direftion,  it  would  in  a 
“ certain  number  of  years  defcribe  a circle  of  about 
“13  gr.  radius  round  the  magnetic  poles  nor- 
“ therly  and  foutherly.” 

3 Experiments  and  Obfervations  on  the  Motion  of 
Sounds.  Philofophical  Tranfaftions,  No.  313.  In 
this  elaborate  and  curious  paper,  which  is  written 
in  Latin,  Mr.  Derham  endeavours  to  prove  the  fol- 
lowing propofitions : That  the  motion  of  found  is 
not  altered  by  variations  in  the  ftate  of  the  air ; 
though  its  loudnefs  or  intenfenefs  may  be  thereby 
altered : and  that  founds  proceeding  from  different 
bodies  move  all  with  the  fame  velocity.  He  treats  of 
echoes  ; of  the  afcending  and  defcending  of  founds  ; 
of  the  influence  of  winds  on  founds ; and  of  the 
velocity  of  winds  and  of  founds. 

4.  Account  of  a Childrs  crying  in  Utero.  After 
having  eftabliflied  the  truth  of  the  faft  from  various 
inftances,  the  Author  juftly  concludes,  that  as  no 
found  can  be  uttered  without  refpiration,  fo  there 
muft  have  been  in  thofe  cafes  a temporary  refpira- 
• tion  j although  he  cannot  pretend  to  defcribe  the 
manner  in  which  that  may  have  been  performed. 

Whether,”  fays  he,  “ in  that  refpiration,  any 

“ of 


DR.  WILLIAM  DERHAM.  Xxlu 

« of  the  blood  pafleth  into  the  lungs,  or  whether 
« it  doth  not  continue  its  circulation  through  the 
“ foramen  ovale  only ; or  if  any  more  than  ordi- 
“ nary  blood  fliould  by  fuch  refpiration  get  into 
“ the  lungs,  whether  it  may  not  eafily  and  without 
“ inconvenience  be  difcharged  thence,  during  that' 
“ ftate  of  life  the  foetus  leads  in  the  womb  ; all  thefe 
“ are  doubts  I am  unable  to  determine.  But,  how- 
“ ever,  thus  much  favouring  my  opinion  may  be 
“ obferved  in  the  fea-calf,  and  fuch  other  animals 
as  have  the  foramen  ovale,  that  the  circulation  of 
“ their  blood  is  continued,  notwithftanding  the  dif- 
“ continuance  of  their  refpiration  for  a long  time.’^ 

The  Reader  will  find  at  the  end  of  this  account 
the  titles  of  the  numerous  papers  with  which  our 
Author  from  time  to  time  enriched  the  Tranfadions 
of  the  Royal  Society. 

Occupied  in  thefe  moft  laudable  purfuks,  and 
difcharging  at  the  fame  time  with  unremitting  dili- 
' gence  the  duties  of  a faithful  Pallor,  Mr.  Derham 
continued  to  refide  for  many  years  at  his  living  of 
Upminfler  ; vifiting  London  only  occafionally,  and 
even  on  thofe  evenings  when  he  attended  the 
meetings  of  the  Royal  Society,  returning  on  horfe- 

b 4 back 
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back  to  fleep  at  his  parfonage.  Some  of  thofe  me- 
teorological papers  which  he  gave  to  the  Philofo- 
phical  Tranfadions,  indicate,  that  the  obfervations 
Were  made  during  thofe  evening  rides  between 
London  and  Upminfter.  Indeed  the  conftancy  of 
bis  refidence  in  his  own  parilh  is  demonftrated  by 
the  correft  regifters  of  the  weather  which  he  kept 
for  a courfe  of  many  years,  and  which  are  likewife 
to  be  found  in  the  Tranfadtions  of  the  Royal  So- 
ciety. 

The  life  of  a country  clergyman  is  in  every  re- 
fpefl  more  favourable  to  the  cultivation  of  natural 
fcience,  by  experiment  and  obfervation,  than  any 
other  profeffional  employment.  He  has  all  the 
leifure  that  is  requifite  to  philofophic  refearches ; 
he  can  watch  the  fuccefs  of  his  experiments  from 
day  to  day,  and  inftitute  long  prdeefles  without  in- 
terruption, or  record  his  obfervations  without 
chafm  or  difeontinuation ; and  if  he  aflbeiates,  as 
did  our  excellent  Author,  and  as  all  philofophers 
ought  to  do,  the  knowledge  of  Nature  and  the 
difcGvery  of  her  laws,  with  the  perfeftions  and 
attributes  of  that  wonderful  Being  who  framed 
thofe  laws  and  conftantly  fuperintends  their  opera- 
tion and  effed,  he  deviates  not  in  any  refped  from 

his 
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his  profeffional  duties,  but  is,  on  the  contrary,, 
a moft  ufeful  labourer  in  the  vineyard  of  his 
heavenly  Mafter. 

j^nd  here  we  cannot  avoid  to  remark  how  much 
more  truly  confonant  to  the  character  of  a clergy- 
man are  thofe  refearches  in  which  this  worthy 
man  employed  his  leifure  hours  j refearches  which 
tend  not  only  to  eftablifli  the  truth  of  the  firfl 
' principles  of  Religion,  the  exiftence  and  attributes 
of  the  Divinity,  but  to  found  that  fentiment  upon 
the  beft  affeftions  of  the  heart.  Gratitude  and 
Love  towards  the  Author  of  our  exiftence,  than 
thofe  occupations  which  are  generally  deemed  the 
peculiar  province  of  the  clergy,  the  dark,  per-< 
plexed,  and  endlefs  controverfies  of  polemical  The- 
ology.  It  is  a certain  but  a moft  melancholy  truth, 
that  although  all  the  fundamental  articles  of  re- 
ligious belief,  which  are  eflential  to  the  happinels 
of  mankind,  are  in  themfelves  extremely  fimple, 
and  carry  their  recommendation  both  to  the  un- 
derftanding  and  affeflions  of  the  generality  of 
mankind,  they  have  been  by  the  profelTors  and 
teachers  of  theology  fo  involved  in  metaphyfreah 
fubtilty,  and  fyftems  of  belief  fo  difcordant  with 
each  other  have  thence  been  reared,  that  Religion, 

which 
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which  ought  to  be  the  principle  of  union  among 
mankind,  as  teaching  all  to  regard  themfelves  as 
children  of  one  common  benevolent  Parent,  has 
too  frequently  proved  the  torch  of  diffenfion, 
kindling  the  moft  malevolent  paflions,  which 
have  fplit  fociety  into  faftions,  animated  with  the 
moft  rancorous  fpirit  againft  each  other,  and 
roufed  into  aftion  the  worft  and  moft  implacable 
feelings  of  our  nature.  Religion,  feparated  'from 
Devotion,  has  become  a fyftem  of  the  head  inftead 
of  a fentiment  of  the  heart ; and  the  profefled 
Theologian  feeks  not  to  engage  the  affedions  of 
man  to  his  Creator,  but  to  gain  the  praife  of  an 
able  champion,  whofe  erudition  can  put  to  filence 
the  ignorance  of  his  antagonifts,  whofe  fatire  and 
irony  can  expofe  them  to  contempt,  or  whofe 
powerful  logic  can  convid  them  of  fuch  departure 
from  the  tenets  of  orthodoxy,  as  to  render  them 
objeds  of  deteftation  to  their  fellow-creatures  in 
this  world,  and  hold  them  forth  as  vidims  devoted 
to  everlafting  perdition  in  that  which  is  to  come. 

Far  different  from  thefe  were  the  views  of  re- 
ligion, and  of  courfe  the  occupations  of  our  excel- 
lent Author,  as  thefe  his  literary  labours  abun- 
dantly fhcw.  That  he  had,  indeed,  a moft  ft  rid 

and 
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and  perhaps  an  over-fcrupulous  fenfe  of  the  prac- 
tical duties  of  the  Clerical  charader,  appears  from 
his  having  thought  it  neceflary  to  ufher  in  a very 
ufeful  and  ingenious  work,  (one  of  his  earlieft 
publications,)  intitled  The  Artificial  Clock-maker, 
with  the  following  ferjous  apology : “ This  little 
“ book  was  a part  of  the  diverfions  of  the  Author’s 
juvenile  years,  and  at  firft  drawn  up  in  a rude 
“ manner  only  to  pleafe  hiinfelf,  and  divert  the 
“ vacant  hours  of  a folitary  country  life and  he 
adds,  Upon  the  account  of  the  innocence  of  my 
“ end  in  publifhing  this  book,  and  that  it  was 
“ written  only  as  the  harmlefs  (I  may  add  alfo  the 
“ virtuous')  fport  of  leifure  hours,  I think  myfelf  ex- 
“ cufable  to  God  and  the  world  for  the  expence  of 
fo  much  time  on  a fubjedt  different  from  my  pro- 
“ feifion.” 

In  1705  Derham  publiflred,  in  three  vo- 
lumes 8vo.  “ Mifcellanea  Curiofa,  or  a Colledlion 
of  fome  of  the  principal  Phasnomena  of  Nature 
« accounted  for  by  the  greateft  Philofophers  of 
the  Age  : taken  from  the  Tranfadtions  of  the 
Royal  Society.”  In  this  colledlion  are  to  be 
found  feveral  valuable  papers  of  Sir  Ifaac  Newton, 
Pr.  Halley,  Dr.  Wallis,  M.  de  Moivre,  Mn 

Molyneux, 
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Molyneux,  and  others ; and  with  regard  to  their 
merit,  the  Editor  obferves,  that  the  theories  and 
“ difcoveries  here  collefted  have  already  pafled 
“ the  cenfure  of  the  learned  world,  who  have  ac- 
knowledged  them  the  moll  fatisfaftory  accounts 
“ of  Nature’s  proceedings,  wherein  fome  of  her 
“ greatell  depths  are  fathomed,  and  a foundation 
“ laid  for  pofterity  to  build  an  infinite  fuperftruc- 
« ture.”  It  is  probable  that  our  Author  intended 
to  have  continued  this  work  to  a gi  eater  length, 
as  he  informs  us  in  his  Preface,  “ that  the  defign  of 
« the  colleftion  is  to  digeft,  in  a convenient  method, 
“ all  the  moll  curious  philofophical  and  mathema- 
« tical  difcoveries,  as  they  are  to  be  met  with,  which 
“ may  any  way  tend  to  the  ufe  of  life,  or  advance- 
“ ment  of  arts  and  fciences.”  But  we  may  prefume 
he  found  his  plan  fuperfeded  by  the  excellent 
Abridgment  of  the  Philofophical  Tranfaflions  by 
Lowthorpe,  Jones,  and  others,  which  was  foon 
after  given  to  the  Public. 

In  the  year  17 1 1 Mr.  Derham  was  chofen  by 
Dr.  Tenifon,  Archbilhop  of  Canterbury,  to  be 
the  preacher  of  the  Honourable  Mr.  Boyle’s  Lec- 
tures an  infiitution  which,  being  frequently  fup- 

plied  by  men  of  confummate  ability,  has  produced 

a feries 


DR.  WILLIAM  DERHAM.  XxIjC 

a feries  of  difcourfes  equally  contributing  to  the 
advancement  of  true  Religion  and  of  found  Philo- 
fophy.  This  appointment  he  juftly  confidered  as 
highly  honourable,  being  a tribute  paid  both  to 
the  refpeflability  of  his  charafter  as  a clergyman, 
and  to  his  talents  as  a man  of  fcience.  He  bent 
his  mind,  therefore,  with  great  vigour  and  alacrity 
to  the  performance  of  his  talk  ; and  having,  as  he 
tells  us  himfelf,  previoully  “ tried  what  he  could 
“ do  towards  the  improvement  of  philofophical 

matters  to  theological  ufes,”  and  made  confider- 
able  colleftions,  yet  without  any  view  to  pub- 
lication, he  now  availed  himfelf  of  thefe  materials 
in  the  compolition  of  Sixteen  Difcourfes of  which 
the  objed:  is  a demonftration  of  the  Being  and 
Attributes  of  God  from  the  works  of  the  Creation. 
■Thefe  Difcourfes  he  prepared  for  the  prefs,  by 
the  addition  of  a very  great  number  of  learned 
and  curious  notes  j and  in  17^3?  gave  the 
work  to  the  Public  under  the  title  of  Ph^co^ 

In  the  Preface  to  this  excellent  work,  the  Au- 
thor, with  his  ufual  modelly,  apologises  to  the 
Public  for  his  own  undertaking,  conlidering  that 

they 
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they  were  already  in  pofleflion  of  the  writings 
of  fuch  eminent  men  as  Mr.  Boyle,  Mr.  Ray,  Dr. 
Bentley,  and  others,  upon  the  fame  or  nearly 
fimilar  topics.  But  with  regard  to  thefe  writers, 
he  obferves,  that  he  had  induftrioufly  endeavoured 
to  avoid  treading  in  their  footfteps,  by  forbearing 
•the  perufal  of  their  books  for  many  years,  till  he 
had  entirely  finilhed  his  own ; and  afterwards,  on 
a comparifon  of  their  treatifes  with  his,  retrenched 
whatever  he  found  had  been  treated  by  them  with 
fufficient  amplitude,  and  contented  himfelf  with  re- 
ferring to  their  authorities  : and  that  in  other  parti- 
.culars  he  had  endeavoured  to  conform,  to  correft, 
and  clear  the  obfervations  of  others.  So  that  on 
the  whole,  as  the  intention  of  the  honourable 
.founder  of  that  inftitution,  which  had  given  birth 
to  thefe  Difcourfes,  was,  that  the  fubjedt  fliould 
receive  every  poffible  illuftration,  by  pafling 
through  different  hands,  and  being  treated  of  in 
. different  methods,  he  humbly  hoped  that  “ his  per- 
“ formance  might  be  acceptable,  though  one  of  the 
“ meaneft.”  It  is  but  juftice  to  fay,  that  this  aimable 
felf' humiliation  has  long  fince  met  with  its  ample 
.recompence  in  the  unanimous  teflimony  that  the 
world  has  paid  to  the  fuperior  excellence  of  that 

work. 
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work,  thus  meanly  rated  by  its  Author,  to  every 
thing  of  the  kind  that  has  appeared  either  before 
or  fmce  his  time. 

In  the  following  year  1714,  in  the  profecutlon 
of  the  fame  noble  and  pious  defign,  Mr.  Derham 
publilhed  what  he  had  announced  in  the  Preface 
to  the  above-mentioned  work,  his  Treatife  intitled 
“ -4/iro-TheoIogy,  or  a Demonftration  of  the  Being 
“ and  Attributes  of  God  from  a Survey  of  the 

Heavens.”  In  this  work,  which  is  divided  into 
eight  books,  the  Author  treats  jirji  of  the  magni- 
tude of  the  univerfe  ; under  which  he  confiders 
not  only  the  meafure  and  fize  of  the  heavenly  bo- 
dies individually  taken,  but  the  immenfity  of  the 
whole  fyflem,  the  fpace  which  it  occupies,  and  the 
endlefs,  or  at  leaft  incalculaole  number  of  planets 
fimilar  to  our  own,  and  in  all  probability  fitted 
for  the  refidence  of  animated  beings,  which,  if  we 
fuppofe  each  of  the  fixed  flars  to  be  the  centre  of  a 
folar  fyftem  like  that  of  which  our  earth  is  a com- 
ponent part,  make  up  the  wonderful  fabric  of  the 
univerfe.  In  the  feco?id  Book  he  treats  more  par- 
ticularly of  the  feveral  component  parts  of  this 
grand  machine:  he  affigns  the  reafons  for  fup- 
pofing  each  of  the  fixed  ftars  to  be  a « fun,  and  the 


centre 


LIFE  AND  WRITINGS  OF 


\ 


* 

centre  of  a fyftem  of  planets  j a conclufion,  as  he 
fhews,  equally  refulting  from  phyfical  confider- 
ations,  fuch  as  their  fhining  by  their  own  native  ' 
light,  and  not  by  reflection  from  our  fun ; 
and  alfo  from  the  moral  confiderations  of  their 
contribjting  little  or  nothing  to  the  ufes  of^our 
globe ; from  die  parity  and  uniformity  obfervable  in 
all  the  works  of  the  Creator ; and  from  the  fupe- 
rior  recommendation  that  this  theory  has  to  the 
mind,  as  giving  the  moft  extenfive,  magnificent, 
and  moft  worthy  views  of  the  power  and  purpofes 
of  the  Alrnighty  Being.  In  the  third  Book,  the 
Author  confiders  the  due  fituation  and  diftance  of 
the  heavenly  bodies  with  refpeCl  to  each  other ; 
fo  regulated,  as  that  they  neither  interfere  in  their 
courfes  nor  in  their  influences.  In  the  fourth 
Book  he  treats  in  a particular  manner  of  the  mo- 
tions of  thofe  bodies  j of  their  diurnal  and  periodi- 
cal revolutions  j and  of  the  perpetuity,  conftancy, 
and  regularity  of  thofe  motions : and  by  a pa- 
rallel drawn  between  thefe,  and  the  moft  perfed 
of  the  works  of  man,  he  illuftrates,  in  the  moft 
convincing  manner,  his  fundamental  propofition, 
that  while  we  allow  the  latter  to  be  demonftrable 
evidence  of  dejigriy  and  of  wifdom  in  the  operator, 
it  is  either  the  groflfeft  ftupiJity,  or  the  moft  de- 
7 plorable 
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plorable  perv^rfion  of  intelka  to  refufe  to  draw 
the  fame  conclufion  with  refped  to  the  former. 
Our  Author,  in  his  fifth  Book,  deduces  a further 
proof  of  his  great  theme,  from  the  confonancy  of 
the  heavenly  bodies  in  the  fame  fpherical,  or  fpher 
roidal  figure,  which  ck'cumftance  he  demonflrates 
to  arife  fiom  the  uhiverfal  law  of  Attraaion  or 
Gravity,;  a law  which  not.  only  determines  their 
globular  figure,  but  preferves  them . conftantly  in 
the  fame  figure;., thus  comiteraaing  that  centri- 
fugal force  which  other  wife- would  caufe  their 
component  parts  to  feparate  and  fly  afunder.  And 
he  here  explains,, „in. a fliort  and  mofl:  fatisfaaory 
manner,  that  great  difcovery.  which  we  owe  to 
the  genius  of  Sir  Ifaac  Newton ; that  it  is  this 
principle  of  . Gravity  which,  together  with  the  mo- 
tion or  impulfe  originally  communicated  to.  thefe 
bodies  by  the  Firji  Caufe,  not  only  retains  the  pla- 
nets in  their  orbits  without  the  flightefl;  evagation, 
but  folves  in.  the  mofl  complete  manner,  all  the 
phasnomena  of  their  motions.  In  the  feventh  Book 
the  Author  treats  of  the  light  and  heat  of  the  Sun, 
and  of  the  fixed  ftarsj  the  due  pofition  of  the  Sun 
wjth  refpea  to  its  planets;  of  the  necelTity  of 
Light,  and  the  utility  of  the  Atmofphere  ; of  the 
Moon  and  its  relative  phenomena,  the  tides, 
eclipfes,  &c;  and  of  the  other  fecondary  planets 

VOL.  1. 
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or  fatellites:  and  he  concludes  his  work  m the 
eighth  Book,  by  drawing  thofe  praftical  inferences 
with  refpea  to  the  relation  in  which  we  Hand  to 
the  Creator,  and  the  duties  we  owe  him,  which 
naturally  refult  from  the  confideration  of  all  that 
has  preceded. 


This  excellent  work  met  with  a reception  from 
the  public  proportionate  to  its  merits,  and  it  has 
run  through  numberlefs  editions.  Much  as  the 
fclence  of  Aftronomy  has  been  indebted  in  detail 
to  modern  difcoveri'es  fince  the  time  of  Mr. 
Derham,  and  in  particular  to  thofe  of  that  moft 
eminent  and  arduous  explorer  of  the  heavens, 
Mr.  Herfchel ; it  is  but  juftice  to  fay,  that  all  the 
fundamental  prmciples  and  material  doarines  of 
the  fcience  were  as  thoroughly  underllood  in  the 
age  of  Sir  Ifaac  Newton,  as  they  are  at  the  pre- 
fent  day.  The  treatife  of  Mr.  DeAam,  there- 
fore,  being  founded  on  thofe  folid  prmaples,  and 
eftablilhed  doarines,  is  in  no  fenfe  whatever  anti- 
ouated : it  contains  no  theories  that  have  been 
exploded,  no  faas  that  more  recent  obfervation 
has  difproved.  We  obferve,  that  on  fome  pomu 
where  he  has  expreffed  his  doubt,  or  rather  his 
uncertainty  of  opinion,  the  fame  uncertamty  pre- 
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Vails  at  prefent ; as  for  example,  with  refpe£t  to 
thofe  nebulous  or  cloudy  ftars  which  are  to  be 
found  in  the  conftellations  of  Hercules ^ Orion,  and 
others,  and  which  our  Author^  in  his  Preface  to 
the  AJlro-Theology,  informs  us  that  he  furveyed 
with  Mr.  Huygens’s  great  glafs,  and  frankly  owns, 
that  he  could  never  difcern  what  they  truly  were  j 
we  know  that  Mr.  Herfchel,  within  th6fe  few 
yearsi,  firft  entertained  an  opinion,  that  they  were 
analogous  to  the  milky  way,  and  that  the  luminous 
doud  with  which  they  were  furrounded  was  a 
very  crowded  duller  of  liars  exceedingly  remote  ; 
and  afterwards  changed  that  opinion  for  another, 
which,  though  he  has  rendered  probable,  is  yet  by 
no  means  fatisfadorily  afcertainedy  viz.  that  the 
luminous  cloud  is  a Ihining  fluid  of  a nature  to- 
tally unknown  to  us,  in  which  the  central  Har  is  in- 
volved-. 

In  the  preliminary  difcourfe  to  the  Allro-Theo- 
logy  Mr.  Derham  informs  us,  that  he  lay  under 
feveral  inconveniences  for  pulhing  very  far  his 
allronomical  difcoVenes.  One  was  the  want  of  a 
free  horizon,  his  dwelling-houfe  being  much  fur- 
rounded  with  trees  j another  was  the  want  of  a 
pole  of  above  loo  feet  in  length,  which  was  requi- 
fite  for  raifing  Mr.  Huygens’s  glafs,  of  126  'feet. 
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to  its  proper  elevation,  fo  as  to  fee  the  heavenly 
bodies  above  the  thick  vapours : but  above  all, 
he  laments  'that  his  increafmg  age,  and  two  dan- 
' gerous  fits  of  ficknefs,  which  much  impaired  his 
fight,  had  rendered  him  “ incapable  of  fuch  ob- 
“ fervatidns,  efpecially  at  fuch  feafons  of  the  night 
“ and  weather  as  are  fitteft  for  viewing  the  hea- 
“ venly  bodies.”  Yet  under  all  thefe  difadvantages 
his  own  bbfervations  appear  to  have  been  made 
with  fmgular  care  and  accuracy.  It  is  not  un- 
worthy of  remark,  that  he  feems  to  have  been  the 
firft  who  actually  faw  the  6th'  and  yth  fatellites  of' 
Saturn ; and  although  upon*'  further  obfervation 
he  was  induced  to  think  that  this  opinion.,  was 
erroneous, ^ and  that  what  he  took  for  fatellites. 
were  fixed  ftars ; yet  as  Mr.  Herfchel  'has  fince 
verified  the  exiftence  of  the  6th  'and  yth  fatellites, 
it  is  not  improbable  that  the  latter  were  aftually 
thofe  which  Mr.  Derham  had  feen  with  Huygens’s 
telefcope.  . . . , 

> * * w..  . 

The  rifing -reputation  of  our  Author,  foon  after 
the  publication  of  this  treatife,  attrafted-  the  no- 
tice of  the  Prince  of  Wales,  afterward^  George 
the  Second,  who  appointed  him  his  Chaplain,  and 

procured  for  him  r*  canonry  of  Windfor,  into 

which 
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which  he  was  inftalled  on  the  19th  September 
1716. 

In  the  years  1713  and  1714,  he  publifhed,  with 
large  additions  from  the  Author’s  manufcripts, 
feveral  pieces  of  his  deceafed  friend  the  learned 
and  ingenious  Mr.  Ray  ; particularly  his  admirable 
work  intitled  “ The  Wifdom  of  God  manifefted 
“ in  the  Works  of  the  Creation and  “ Three 
Phyfico  - Theological  Difcourfes  concerning, 
I.  The  Primitive  Chaos  and  Creation  of  the 
World ; 2.  The  General  Delpge,  its  Caufes,  and 
“ Elfefls ; and,  3.  The  Diflblution  of  the  World 
and  future  Conflagration.” 

I 

In  the  year  1713,  he  publifhed  likewife  a pofl- 
humous  work  of  Mr.  Ray’s,  intitled  “ Synopjis 
Aviu?n  et  Pifciu?n,’^  &c.;  and  in  the  year  1718,  he 
methodifed  and  publifhed  “ Philofophical  Letters 
“ between  the  late  learned  Mr.  Ray  and  feveral 
“ of  his  ingenious  Correfpondents,  Natives  and 
“ Foreigners ; to  which  are  added  thofe  of  Francis 
Willoughby,  Efquire : the  Whole  confifling  of 
“ many  curious  Difcoveries  and  Improvements  in 
the  Hiftory  of  Quadrupeds,  Birds,  Fiflies,  Infefts, 
“ Plants,  Foflils,  &c.”  With  refpedt'to  this  work 

c 3 Mr. 
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Mr.  Derham  informs  us  in  his  preface,  that  he 
had  taken  the  liberty  of  abridging  many  of  the 
letters,  by  leaving  out  all  that  was  not  ftri£lly 
philofophical.  This,  wq  mull  be  forgiven  for  ob- 
ferving,  is  a liberty  in  which  an  editor  ought  yery 
rarely  to  indulge  himfelf ; and  it  is  probable  that, 
in  the  prefent  inftance,  Mr.  Derham  would  have 
more  gratified  the  tafte  of  the  generality  of  his 
Readers,  had  he  publilhed  thofe  letters  in  their 
original  form,  than  mutilated  as  they  now  ap- 
pear. Thofe  eminent  inen,  wfiofe  letters  are  con- 
tained in  this  volume,  would  have  loft  nothing 
pf  tfte  refpect  due  to  tfieir  char^flier  as  philpfo- 
phers,  though  we  had  obferved  them  in  the  free- 
dom of  epiftolary  correfpondence  intermixing  their 
obfervations  on  fcience  with  the  ordinary  minut'uz 
of  life,  their  domeftic  occupations,  the  eafy  con- 
verfation  of  the  firefide,  or  the  current  ftpry  of 
the  day.  How  little  credit  do  we  allow  to  the 
faftidious  delicacy  of  Bifhop  S.prat^  who,  while  he 
acknowledged  that  he  was  poflefled  of  a large  col- 
ledtion  of  the  letters  of  Cowley,  which  were  Angu- 
larly exprelTive  of  “ th’e  n;itive  tendernefs  and  in- 
“ nocent  gaiety  of  his  mind,”  yet  thought  prpper 
to  withhold  them  from  the  public,  becaufq  “ in 
f‘  fuch  letters  the  fouls  of  men  being  in  a manner 

“ undreffedj 
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undi;efled,  they  may  in  that  negligent  habit  be 
“ fit  to  be  feen  by  one  or  two  in  a chamber,  but 
not  to  go  abroad  into  the  ftreets/’ 

• / 

In  the  year  1724,  Mr.  Derham  furnifhed  a great 
variety  of  curious  notes  and  obfervations  for  The 
Natural  Hijiory  of  Birds  and  Englijh  Infedls,  in 
4 vols.  4to.,  publifhed  by  Mr.  Eleazar  Albinn  and 
in  172b  he  publifhed,  after  the  Author’s  death,  _ 
“ Philofophical  Experiments  and  Obfervations  of 
“the  late  eminent  Dr.  Robert  Hooke,  F.R.S., 

“ and  Geometry  Prof.  Grefh.,  and  other  eminent 
“ Virtuofos  in  his  Time.” 

The  laft  work  of  Mr.  Derham's  own  compo* 
fition  which  he  gave  to  the  public,  was  Chrijio. 

“ Theology^  or  a Demonflration  of  the  Divine 
“ Authority  of  the  Chriflian  Religion  ; being  the 
« Subftance  of  a Sermon  preached  at  Bath  on 
“ November  2,  1729,  and  publifhed  at  the  earneft 
“ Requeft  of  the  Auditory.  Lond.  1730,  8vo.”  ‘ 

And  in  confequence  of  the  eminent  fervices  he 
had  done  both  to  religion  apd  philofophy,  he 
received  in  the  fame  year,  1730,  the  honour  of 

a degree  of  Dodor  in  Divinity  from  the  Univerfitv 
pf  Oxford.  * 

^4 
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Thus  this  moft  worthy  man  fpent  a long  and  ufe- 
ful  life,  in  thofe  fludies  and  occupations  which  do' 
moft  honour  to  human  nature,  the  advancement, 
of  true  religion,  and  the  cultivation  of  thdfe 
fciences  that  moft  intimately  connect  man  with  the 
Divine  Being,  by  opening  to  his  view,  as  far  RS  is 
permitted  to  finite  creatures,  the  wonderfuTdefigns  .- 
and  moft^enevolent  ends  of  the  Creator.  Though 
of  a ftrong  bodily  conftitution,  his  health  had  in 
the  latter  years  of  his  life  begun  to  decline ; and 
he  died  in  the  78th  year  of  his  age,  at  Upminfter, 
on  the  5th  of  April  1735. 

Dr.  Derham  was  married ; but  of  the  name  or 
' condition  of  his  wife,  the  writer  of  this  account 
has  not  been  able  to  procure  any ’information.  It 
appears  from  the  fliort  narrative  of  his  life  in  the 
Biographia  Britannica,  that  he  left  at  leaft  one 
foil.  Dr.  William  Derham,  who  was  alive  in  1750, 
and  Fellow  of  St.  John’s  College,  Oxford. 

In  the  conclufion  of  this  brief  account  of  the 
life  and  writings  of  this  excellent  man,  it  may 
not  be  deemed  impertinent  to  fubjoin  a few  ob- 
fervations  touching  that  fpecies  of  Inquiry  which 
forms  the  fubjc<ft  of  his  principal  work,  the  Phy~ 
ftco-Theology. 


The 


DR.  WILLIAM  DERHAM.  xH 

The  fearch  of  Final  Caufes,  or  thofe  ends  which 
the  great  Creator  propofed  to  himfelf  in  the  form- 
ation of  vthe  univerfe,  and  of  the  various  fpecies 
of  animate  and  inanimate  beings  with  which  it  is 
filled,  has  been  condemned  by  certain  philofophers 
on  diftind:  and  feparate  grounds  of  objedion. 
Thefe  may  be  reduced  to  three  principal  heads. 

I.  The  poffibility  of  tracing  defign  from  its 

effeds  has  been  altogether  denied, 

/ 

I.  It  is  alleged,  that  it  is  prefumptuous  and  impi- 
ous in  man  to  pretend,  that  he  is  able  to  difcover  the 
ends  of  the  Omnifcient  Being  in  the  formation  of 
his  creatures  : and, 

3.  It  is  afferted,  that  fuch  refearches  are  a hin- 
drance to  improvement  in  philofophy,  and  in  the 
knowledge  of  nature. 

\ 

The  firft  of  thefe  propofitions  has  been  main- 
tained by  Mr.  Hume  and  his  followers ; who  argue, 
that  the  inferences  of  defign  from  its  effeds  are 
neither  demonftrable  by  reafoning,  nor  deducible 
from  experience.  Dr.  Reid,  who  has  mofl:  ably 
combated  Mr.  Hume’s  argument  on  this  fubjed, 

admits, 
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admits,  that  the  inferences  in  queftion  are  not 
the  refult  of  reafoning  or  of  experience ; but  he 
jnaintains  at  the  fame  time,  that  they  may  be 
made  with  a degree  of  certainty  equal  to  what  the 
human  mind  is  able  to  attain  in  any  inftance  what- 
ever. “ The  opinions,”  fays  a very  able  philofo- 
pher  *,  “ which  we  form  of  the  talents  of  other 
“ men  ; nay,  our  belief  that  other  men  are  intel- 
“ ligent  beings ; are  founded  on  this  very  infer- 
“ ence  of  defign  from  its  effeds.  Intelligence  and 
, “ defign  are  not  objeds  of  our  fenfes,  and  yet 
“ we  judge  of  them  every  moment  from  external 
“ condud  and  behaviour,  with  as  little  hefitation 
“ as  we  pronounce  on  the  exiftence  of  what  we 
“ immediately  perceive.”  Infhort,  our  conyidion 
of  the  exiftence  of  a defigning  caufe,  when  we 
perceive  certain  regular  and  conftant  effeds,  is  fo 
inborn  and  natural  to  the  mind,  that  it  may  be 
claffed  among  thofe  intuitive  truths  that  need  no 
argument  to  demonftrate  them.  We  fhould  juftly 
accufe  that  man  of  infanity,  who,  on  feeing  a well- 
conftruded  clock,  and  obferving  how  nicely  all  its 
parts  were  formed  and  put  together,  fo  that  no- 
thing appeared  fuperfluous  and  out  of  place,  nor 
any  thing  wanting  that  was  neceffary  towards  the 

* Mr.  Prof.  Stewart,  in  his  Outlines  of  Moral  Philofophy. 
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regularity  of  its  motion  j on  finding,  likewife,  that 
this  beautiful  machine  anfwered  the  moil;  ufeful 
purpofes  of  pointing  out  with  the  utmofi:  accu- 
racy the  divifion  of  time  by  hours,  minutes,  and 
feconds,  and  marked  thofe  greater  div^fions  by 
audible  founds,  fo  as  to  be  equally  ferviceable  in 
the  night  as  in  the  day; — we  fhould  juftly,  I fay, 
accufe  that  man  of  abfolute  infanity,  who  fliould 
deny  that  thofe  various  complicated  parts  were 
fanned  and  put  together  for  the  very  purpofes 
whieh^^we  fee  the  machine  fo  admirably  fulfils. 
It  is  a law,  of  our  nature  that  we  fhould  entertain 
this  beliefi  , man  can  avoid  it.  The  greatefl 
fpeptic,  hffiifelf  is  irrefiflibly  impreffed  with  this  be- 
lief, and  regulates  all  his  aflions  by  fimilai’  con» 
clufions  drawn  from  effect  to  caufe. 

But,  fays  the  fceptical  philofopher,  we  can  in 
no  cafe  judge  of  the  wifdom  of  any  defign  unlefs 
we  are  firft  made  acquainted  with  the  end  or  ob- 
je£l  which  the  artift  propofed  to  attain  j for  it  is 
not  till  we  have  obtained  that  acquaintance  that 
we  can  form  any  judgment  of  the  means  employed 
to  accomplifh  the  end.  Now  all  that  we  perceive 
m the  univerfe  is,  that  certain  things  are  adually 
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accomplifhed  j but  we  are  utterly  ignorant  what 
plan  was  propofed. 

In  anfwer  to  this  objeftion  we  may  obferve, 
that  in  many  inftances  we  perceive  with  the  ut- 
moft  certainty  the  plan  that  was  propofed.  As 
for  example,  we  plainly  perceive  it  was  the  inten- 
tion of  the  Creator,  that  every  animated  being 
once  formed  fhould  be  able  to  perpetuate  its  kind, 
fo  that  the  univerfe  may  be  conftantly  fupplied 
with  inhabitants  without  the  intervention  of  the 
creative  power  exerted  to  form  every  individual 
animal.  This  plan  is  obvious  and  certain,  becaufe 
we  perceive  this  power  of  propagation  in  every  in- 
‘dividual  of  every  fpecies  of  the  animal  kind,  unlefs 
it  is  impaired  by  difeafe  or  accidental  defeft.  In  this 
inftance  we  are  not  left  in  doubt  as  to  the  Creator’s 
plan,  and  we  may  therefore  boldly  reafon  as  to  the 
•fitnefs  or  unfitnefs  of  the  means  for  accomplifhing 
that  end  in  all  the  different  fpecies : and  if  w^e  find 
; thefe  means,  however  various  in  the  different  tribes 
•of  animals,  yet  all  mofl  completely  anfwering  the 
Tame  end,  and  with  equal  certainty  accomplifhing 
• one  uniform  purpofe,  we  are  compelled  to  pro- 
nounce that  this  effeft  is  a proof  of  defign,  and 

that 
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that  the  means  are  with  confummate  fkill  and 
wifdom  adapted  to  the  end. 

The  fecond  objedHon  that  has  been  urged 
againfl;  all  inquiries  into  Final  caufes,  is.  That  it  is 
prefumptuous  and  impious  in  man  to  endeavour 
to  penetrate  into  the  defigns  . of  Providence, , and  . 
to  fearch  out  thofe  en^  which-. He  propofed  to. 
himfelf  in  the'  formation  of  the  univerfe.  This  ar- 
gument is,  urged:  by  Defcartes,  who  rejedfs  the 
fpeculation  tinto.  Final  caufes  altogether  ; and  we  * 
find  feveral^  obfervations  to  the  fame  purpofe  in. 
the  works  of  -lyiauperliuis  and  of  Buffon. 

• * 

In  anfwer  to  this  obj,e£lion  we  have  a fingle 
argument  of  Mr.  Boyle,  which  appears  fufficient 
completely  to.,, oyer  throw  it.  It  were  both  pre- 
fumption  and  folly  for  man  to  pretend  to  know. 
all  the  ends-  that,  God  might  have  propofed  to  hiraf- 
felf  in  the  formation  of  all  his  works.  But  to 
perceive  fame  of  thofe  ends  in  certain  of  his  worksy 
is  fo  far  from  being  prefumptuous,  that  it -would 
be  abfolute  blindnefs  and  ftupidity  not  to  difcover. 
them.  As  for  inftance,  he  who  confiders  the  com- 
plicated ftrudlure  of  the  Eye,  and  how  admirably 
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it  ferves  the  purpofes  of  vifion,  or  of  conveying 
the  knowledge  of  the  figure,  fize,  colour,  &c.  of 
external  objefts  to  the  mind,  cannot  poflibly  en- 
tertain a doubt  that  it  was  intended  for  that  pur- 
pofe  by  the  Being  who  framed  it ; and  it  would 
be  egregious  folly  indeed  to  fufpend  or  to  refiife 
our  belief  of  that  end,  from  the  notion  of  its  being 
prefumptuous  to  find  out  the  counfels  of  the  Deity* 
If  a peafant,  fays  Mr.  Boyle,  were  brought  into 
the  garden  of  a philofopher,  and  fhould  there  ob- 
ferve  one  of  thofe  curious  gnomonic  inftruments 
which  fliew  at  once  the  place  of  the  Sun  in  the 
zodiac,  his  declination  from  the  equator,  the  day 
of  the  month,  the  length  of  the  day,  &c.  it  would 
confefledly  be  prefumptuous  in  him,  while  both 
unacquainted  with  mathematics  and  ignorant  of 
the  intentions  of  the  artiftj  to  pretend  to  afcertain 
all  the  ufes  of  that  elaborate  piece  of  work : but 
obferving  on  it  the  ordinary  marks  of  a fun-dial, 
and  feeing  that  the  fliadow  aftually  pointed  to 
the  hour  of  the  day,  and  always  indicated  it  with 
cxaftnefs,  it  would  be  no  prefumption  even  in  this 
ignorant  peafant  to  fay  that  this,  for  certain,  was 
one  of  the  purpofes  for  which  the  artificer  intend- 
ed it. 
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In  addition  to  this  argument  it  may  be  obferved, 
that  although  the  adoption  of  fmgular  and  uncom^ 
man  opinions  may  be  an  evidence  of  prefump- 
tion,  there  can  be  no  prefmnption  in  entertaining 
opinions  in  which  we  are  warranted  and  fupport- 
ed  by  the  concurring  fentiments  of  mankind.  The 
ufes  of  many  of  the  works  of  Nature,  and  more 
particularly  of  many  parts  of  the  animal  frame, 
are  fo  obvious,  that  they  have  been  acknowledged 
by  all  men  in  all  ages  of  the  world.  Even  the 
Epicureans,  who  fuppofed  that  all  things  were  the 
operation  of  Chance,  were  forced  to  acknowledge 
that  Chance  had  conftrufted  the  eye  with  moil  ad- 
mirable fitnefs  for  the  purpofe  of  feeing,  and  the 
ear  for  hearing.  If,  therefore,  we  perceive  thefe 
purpofes  as  plainly  as  the  Epicureans,  and  at  the 
fame  time  acknowledge  that  the  objedts  themfelves 
were  the  work  of  an  intelligent  Artift,  it  feems  a 
great  abfurdity  to  refufe  to  believe  that  this  intel- 
ligent Artift  intended  them  to  ferve  thofe  ufes  and 
purpofes  for  which  we  confefs  them  to  be  fo  won- 
derfully adapted.  Let  us  fuppofe  any  perfon  to 
deny  that  the  eye  and  ear  were  intended  for  feeing 
and  hearing,  and  to  affert  that  they  were  defigned 
for  other  ufes,  we  ftiould  undoubtedly  treat  that 
man  either  with  fcorn  or  pity.  But  in  what  refpedl: 
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is  the  abfurdity  the  lefs,  if,  while  we  cannot  affign 
any  other  purpoles  for  which  thofe  organs  can  lerve^ 
but  are  forced  to  acknowledge  that  they  ferve  moft 
admirably  for  feeing  and  hearing,  we  Ihould  yet  he-- 
fitate  to  affirm  that,  for  certain,  they  were  intended 
to  ferve  thofe  ufes  ? 

Moreover,  it  feems  juft  as  unreafonable  to  deny 
that  the  adaptation  of  things  to  certain  ends  and 
ufes,  is  a proof  of  defign  and  wifdom  in  the  Crea- 
tor, as  it  would  be  to  deny  that  the  creation  of 
thofe  things  is  an  evidence  of  His  power.  The 
creation  alone  of  fuch  an  infinite  variety  of  beings 
and  fubftances,  gives  certain  demonflration  of  the 
wonderful  power  of*  God ; but  that  power  would 
be  idly  difplayed,  if*  it  were  not  exerted  to  ends 
which  we  mufl;  acknowledge  to  be  wife  and  bene- 
ficent. _ We  might  indeed  fear  a Being  of  fuch 
infinite  power,  and  fear  him  perhaps  the  more 
that  we  could  not  perceive  his  aclions  to  be  regu- 
lated by  any  law  of  wifdom,  or  motive  of  benevo- 
lence j but  we  could  not  refpedl,  adore;  or  love  a 
Being  of  this  nature.  It  is  the  conviftidn  of  the 
perfefl:  wifdom  of  the  Supreme  Being,  manifefted 
in  all  the  works  of  the  creation,  and  in  their  fitnefs 
to  anfwer  certain  ends,  which  we  acknowledge  to 

be 
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be  benevolent,  that  entitles  this  Being  to  the  love 
and  adoration  of  his  creatures 

With  regard  to  the  gd  objedion,  viz.  that  the 
fearch  after  Final  caufes  is  a hindrance  to  improve- 
ment in  philofophy,  and  in  the  knowledge  of  na- 
ture; this  objedlion  feems  to  have  arifen  from  a 
mifconception  of  the  fentiments  of  Lord  Bacon  in 
that  part  of  his  work  c/e  Auginentis  Scientiarufn, 
where  he  treats  of  IVletaphyfics  ^ for  Lord  Bacon 
no  otherwife  condemns  the  fearch  into  Final  caufes, 
than  in  fo  far  as  they  prevent  our  invefligation  into 
the  immediate  Phyfical  caufes  of  phasnomena.  As 
for  inftance,  if  one  Ihould  afk  what  is  the  caufe 
of  clouds  in  the  atmofphere  ? it  would  no  doubt  be 
a very  lame  and  unphilofophical  anfwer  to  fay,  That 
it  was  to  give  water  to  the  earth.  This  indeed  is  the 
Final  caufe ; but  no  philofopher  of  the  prefent  day 
would  reft  fatisfied  with  this  convidtion,  while  there 

* animis  hominum  extraxit  radicitus  religionem, 

cum  Dns  immortalibus  et  opem  et  gratiam  fuftulit.  Tollit  id 
quod  maxima  proprium  ell  optima:  et  praftantiffima  Naturte. 
Quid  enim  ell  melius  aut  quid  prasllantius  bonitate  et  benefi- 
centia  ? qua  cum  carere  Deum  vultis,  neminem  Deo  carum— 
neminem  ab  eo  amari,  neminem  diligi  vultis — Quod  ft  ita  lit 
quid  veneramur,  quid  precamur  Deos  ?— Deinde  fi  . maxima  talis 
ell  Deus,  ut  nulla  gratia,  nulla  hominum  caritate  teneatur,  va- 
leat.  C^id  enim  dicam,  propitius  fit  ? elTe  enim  propitius  po- 
tell  nemmi._Cir.ro  de  Nat.  Dear,  li^'h  cap.  43,  44, 
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femain  immediate  Phyfical  caufes  that  may  be  af- 
figned  for  the  phsenomenon ; as,  the  heat  of  the  fun 
raifmg  the  moiflure  from  the  fea  and  earth  in  the 
form  of  vapour.  It  was  no  doubt  a juft  reproach 
to  many  of  the  antient  philofophers,  that,  neglefting 
entirely  the  inquiry  into  the  immediate  Phyfical 
caufes  of  the  phasnomena  of  Nature,  they  refted 
fatisfied  with  afligning  the  ultimate  end  or  Final 
caufe  of  the  phasnomena.  It  was  Lord  Bacon’s 
intention  to  explode  that  indolent  and  unfatisfying 
mode  of  reafoning,  and  therefore  he  was  well  war- 
ranted to  fay  that  the  fearch  of  Final  caufes,  as  ge- 
nerally employed,  was  inquifitio  Jierilis^  et  tanquam 
•virgo  Deo  confecrata  nihil  parit  * . But  in  the  man- 
ner that  Phyfical  fcience  has  been  cultivated  by  the 
moderns,  on  the  folid  bafis  of  induction  from  ob- 
fervation  and  experiment,  there  is  not  the  fmalleft 
hazard  that  the  inquiry  into  Final  caufes  fhould  re- 
tard our  progrefs  in  the  fearch  of  Phyfical  ones. 
The  caveat  of  Lord  Bacon  was  ufeful  in  his  time ; 
and  it  has  had  a moft  beneficial  effeft  j for  it  is  to 
thofe  admirable  methods  which  he  has  pointed  out 
that  modern  Philofophy  is  indebted  for  its  moft  ma- 
terial improvements,  and  Science  for  its  moft  fu- 
blime  difcoveries. 

* Dc  Augmentis  Scicnt.  lib.  iii.  c.  5. 

It 
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It  excites  no  furprife  when  we  obferve  the  French 
writers,  who  are  chiefly  of  the  Epicurean  fchool, 
purfuing  elaborate  inquiries  into  Nature,  with  a 
view  only  to  the  difcovery  of  thofe  fecondary  caufes 
which  account  for  her  phasnomena,  without  the 
flighteft  regard  to  that  fupreme  Intelligence,  who 
has  employed  thofe  fecondary  caufes  merely  as  his 
inftruments  in  the  execution  of  his  infinitely  wife 
and  benevolent  ends.  But  it  is  with  much  con- 
cern we  obferve  that  the  example  of  thofe  fceptical 
writers  has  been  followed  by  authois  who  have 
written  with  intentions  very  oppofite  to  theirs,  but 
who  have  inadvertently  adopted  their  plan  without 
fully  difcerning  its  purpofe.  Thus  Dr.  Goldfmith, 
a writer  of  the  beft:  intentions,  who  has  compofed  a 
Natural  Hiftory,  chiefly  from  materials  furniftied 
by  the  French  writers,  fets  out  after  their  example 
wth  a denunciation  of  the  mifchievous  confe- 
quences  refulting  to  philofophy  from  the  fpecula- 
tion  into  Final  caufes ; though  in  the  courfe  of  his 
work  the  natural  bias  of  his  mind  occafionally  ap- 
pears, in  pointing  out  in  ftrains  of  the  warmefl  elo- 
quence to  our  obfervation,  thofe  very  ends  of  wif- 
dom  and  of  benevolence,  whofe  confideration  he  had 
before  exploded  as  ufelefs,  and  even  pernicious  to 
the.  profecutlon  of  fcience.  Thus,  in  the  fourth 
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chapter  of  the  firft  volume  of  his  Hilary  of  the 
Earth  and  animated  Nature^  he  retails  the  mifun- 
derftood  remark  of  Bacon  j that  “ the  inveftiga- 
“ tion  of  final  caufes  is  a barren  fludy ; and  like 
a virgin  dedicated  to  the  Deity  brings  forth  no- 
“ thing.”  Yet  in  the  laft  chapter  of  the  fame  vo- 
lume he  confiders  “ the  univerfe  as  the  palace  in 
“ which  the  Deity  refides,  and  this  earth  as  one 
“ of  its  apartments,  allotted  to  man  for  his  habit- 
ation  and  the  fcene  of  his  enjoyments he 
fees  “ the  immenfe  and  fhapelefs  mafs  of  matter 
formed  into  worlds  by  the  power  of  the  Deity, 
“ and  difperfed  at  intervals  to  which  even  the  ima- 
“ gination  cannot  travel.”  He  difcerns  the  earth 
at  his  command  “ producing  by  its  twofold  rao- 
“ tion  the  change  of  feafons,  and  the  grateful  vicif- 
“ fitudes  of  day  and  night.” — He  obferves  it 
‘‘  with  a fteady  rotation  fucceflively  prefenting 
“ every  part  of  its  bofom  to  the  fun ; at  once  im- 
“ bibing  nourifhment  and  light  from  that  parent  of 
« vegetation  and  fertility.”  He  remarks  “ the 
“ waters  on  its  furface  fupplied  in  healthful  abun- 
“ dance  to  fupport  life  and  affift  vegetation  r the 
“ mountains  arifing  to  diverfify  the  profpeft  and 
“ give  a current  to  the  flream:  the  feas  extending 
from  one  continent  to  another,  repleniflied  with 

“ animals 
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animals  that  may  be  turned  to  human  fupport, 
“ and  alfo  ferving  to  enrich  the  earth  with  a fufii- 
ciency  of  vapour — breezes  flying  along  the  fur- 
face  of  the  fields  to  promote  health  and  vegeta- 
tion — the  coolnefs  of  the  evening  that  invites 
“ man  to  his  refl:,  and  the  frefimefs  of  the  morn- 
‘‘  ing  that  renews  him  for  his  labour.’*  Thus  this 
mofl:  eloquent  writer,  in  contempt  of  that  law 
which  he  had  impofed  of  banifliing  final  caufes 
entirely  from  his  fpeculations,  unconfcioufly  re- 
forts to  them  whenever  his  fubje£l  points  the  way, 
and  yields  himfelf  without  referve  to  that  emotion 
of  gratitude  which  is  felt  by  every  well-conflituted 
mind  to  the  bountiful  Author  of  all  its  multiplied 
enjoyments. 

It  is  curious  to  remark  the  Epicureans  them- 
felves,  who  utterly  difclaim  a Divine  Providence  as 
concerned  either  in  the  original  formation'  or  in 
the  government  of  the  univerfe,  are  yet  forced  to 
acknowledge  through  the  whole  fyftem  the  mofl: 
pregnant  and  uncontrovertible  marks  of  benevo- 
lent defign.  But  how  do  they  extricate  themfelves 
from  this  apparent  dilemma  ? Why,  by  beftowing 
even  on  infepfate  and  brute  matter  that  eulogium 
which  they  withhold  from  the  Divinity.  Thus 
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Pliny,  who  acknowledged  no  God  as  the  author  of 
all  the  wonders  to  which  he  folicits  our  attention  in 
his  Natural  Hiftory,  indulges  a vein  of  the  moll 
eloquent  panegyric  on  the  Benevolence  of  the  Earth 
to  man.  “ It  is  this  Earth,”  fays  he,  “ that  like 
“ a kind  mother  receives  us  at  our  birth,  and  fuf- 
“ tains  us  when  born.  It  is  this  alone  of  all  the  ele- 
“ ments  around  us  that  is  never  found  an  enemy  to 
“ man.  The  waters  deluge  him  with  rains,  opprefs 
“ him  with  hail,  and  drown  him  with  inundations. 
“ The  air  rufhes  in  ftorms,  prepares  the  tempeft  or 
“ lights  up  the  thunders ; but  the  Earth,  gentle  and 
“ indulgent,  ever  fubfervient  to  the  wants  of  man, 
fpreads  his  walks  with  flowers,  and  his  table  with 
‘‘  plenty  ; returns  with  interefl:  every  good  com- 
“ mitted  to  her  care  ; and  though  fhe  produces  the 
poifon,  fhe  ftill  fupplies  the  antidote ; though 
conftantly  importuned  more  to  furnifli  the  luxu- 
ries  of  man  than  his  necefllties,  yet  even  to  the 
laft  Ihe  continues  her  kind  indulgence  j and  w'hen 
“ life  is  over,  flie  pioufly  covers  his  remains  in  her 
bofom  Thus  even  the  Atheifl;  plainly  difcerns 
in  the  fyftem  of  Nature  the  traces  of  benevolent 
defign ; but,  infanientis  fapicntia  coufultus,  proficient 
only  in  that  wifdom  which  is  the  pride  of  fools,  he 

* Plin.  Hift.  Nat.  }ib.  ii.  cap.  63. 
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attributes  that  defign  and  that  benevolence  to  a fub- 
ftance  incapable  itfelf  of  thought  or  purpofe  of  any 
kind,  and  flupidly  transfers  the  praife  due  to-  the 
Creator,  to  the  inert,  the  lifelefs,  and  unqonfcious 
fubjiratum  of  his  operations. 

With  the  true  phllofopher,  the  refearch  into 
Phyfical  caufes  and  Final  ones  will  ever  go  hand  in 
hand ; and  indeed  in  inofl  fciences  there  would  be 
a very  great  bar  to  improvement,  if  we  were  to  at- 
tempt to  feparate  them.  Let  the  fcienqe  of  Anato- 
my be  taken  as  an  example.  We  ftudy  the  ftruc- 
ture  of  the  different  parts  of  the  human  body,  with 
a conftant  view  to  the  funftions  which  thofe  parts 
are  intended  to  ferve ; nay  the  very  end  of  the 
ftudy  is  in  order  that  we  may  be  able  to  corredl  any 
fault  or  unfitnefs  of  the  organs,  and  to  reftore  them 
to  that  healthful  tone  which  is  neceffary  for  the  right 
performance  of  their  functions.  We  anatomife  the 
eye,  and  examine  its  different  tunicles  and  coats, 
that  we  may  be  enabled  to  find  a cure  for  imperfe(^ 
vifion,  or  for  abfolute  blindnefs.  We  exarnine 
the  ftruclure  of  the  ftomach  and  bowels,  that  we 
may  Well  underhand  what  ftate  of  thefe  organs  is 
beft  fitted  for  perfedl  digeftion  and  converfion  of 
the  aliment  into  chyle  and  blood,  and  know  how 
to  reftore  that  ftate  when  impaired  by  accidental 
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injury,  or  vitiated  by  difeafe.  In  fhort,  it  may  be 
confidently' affirmed,  that  in  this  fcience,  which  is 
nothing  more  than  the  perfeft  knowledge  of  the 
animal  machine,  we  could  no  more  advance  a fingle 
ftep  without  having  in  our  view  the  proper  func- 
tions of  the  feveral  parts  of  that  machine,  than  we 
could  fludy  the  art  of  clock-making  without  having 
it  in  our  view  that  all  the  parts  of  the  machine 
were  intended  to  operate  towards  one  ultimate  or 
final  purpofe,  the  regular  divifion  of  time  by  hours, 
minutes,  and  feconds.  In  like  manner  there  is  fo 
neceflary  a connection  between  the  fcience  of  Me- 
dicine and  Final  caufes,  that  they  may  be  confidered 
as  abfolutely  infeparable ; and  it  may  be  affirmed 
in  general,  that  in  the  fludy  of  all  thofe  fciences 
which  have  for  their  objeCl  the  knowledge  of  na- 
ture, the  fearch  of  Final  caufes,  or  of  thofe  wife 
ends  propofed  by  the  Author  of  Nature,  is  altoge- 
ther as  neceflary,  as  an  attention  to  the  vjfws  and 
purpofes  of  man  is  neceffary  in  fludying  thofe  arts 
which  are  dependent  on  human  wifdom  and  fkill ; 
as  for  example,  architeClure,  fhip-building,  the  con- 
flruClion  of  machines,  &c. 

Laflly,  it  may  be  obferved  that  the  greatefl  phi- 
lofophers,  far  from  excluding  from  their  fpecula- 
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tions  the  refearch  into  Final  caufes,  have  recom- 
mended that  refearch  as  the  greateft  incentive  to 
the  profecution  of  fcience,  and  as  being  eminently 
ferviceable  in  guiding  or  conducting  our  inquiries. 
With  regard  to  the  former  of  thefe  purpofes,  what 
motive  can  be  more  worthy  of  an  intelligent  being, 
what  end  more  animating  to  his  refearches,  than  the 
earneft  defire  of  tracing  out  the  footfleps  of  Al- 
mighty  goodnefs ; of  exploring  thofe  charafters  of 
infinitely  wife  defign,  which  to  a certain  degree  are 
obvious,  even  to  the  mbfl  fuperficial  obferver,  but 
of  whofe  univerfality,  extent,  and  wonderful  con- 
nedion,  through  the  whole  of  this  vifible  fyftem  of 
nature,  the  philofopher  alone  can  form  an  adequate 
comprehenfion  ? With  refpeCt  to  the  latter  pur- 
pofe,  the  guiding  or  conduaing  our  inquiries,  Mr. 
Boyle  has  recorded  a very  flriking  teftimony  of  the 
utility  of  fuch  fpeculations.  ‘‘  I remember,’’  fays 
he,  “ that  when  I alked  our  famous  Harvey  what 
“ were  the  things  that  induced  him  to  think  of  a 
circulation  of  the  blood  ? he  anfwered  me,  that 
“ when  he  took  notice  that  the  valves  in  the  veins 
in  fo  many  parts  of  the  body  were  fo  placed,  that 
they  gave  a free  paffage  of  the  blood  towards  the 
‘‘  heart,  but  oppofed  the  paflage  of  the  venal  blood 
“ the  contrary  way,  he  was  invited  to  imagine 

“ that 
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“ that  fo  provident  a caufe  as  Nature  had  not 
“ placed  fo  many  valves  without  defign  j and  no 
“ defign  feemed  more  probable  than  that,  fince 
“ the  blood  could  not  well,  becaufe  of  the  inter- 
“ pofmg  valves,  be  fent  by  the  veins  to  the  limbs, 
“ it  fliould  be  fent  through  the  arteries,  and  return 
through  the  veins,  whofe  valves  did  not  oppofe 
its  courfe  that  way.”  Thus  the  confideration  of 
the  Final  caufe  actually  led  to  the  difcovery  of  the 
Phyfical  truth. 

Another  beautiful  example  of  the  utility  of  at- 
tending to  Final  caufes  in  the  profecution  of  fcience, 
is  to  be  found  in  the  Elementa  Catoptrica  xsf  Diop- 
trictz  Sphizrica  of  the  celebrated  David  Gregory,  Sa- 
villian  ProfelTor  of  Aftronomy  at  Oxford.  In  the 
end  of  this  treatife  is  an  obfervation  which  Ihews 
that  what  is  generally  believed  to  be  a difcovery  of 
a much  later  date,  the  conftruflion  of  achromatic 
telefcopes,  which  was  firll  actually  put  in  practice 
by  Mr.  Dollond,  and  has  fince  been  brought  to 
great  perfection  by  that  ingenious  artift,  and  by  Mr. 
Ramfden,  had  fuggefted  itfelf  to  the  mind  of  David 
Gregory,  “ from  the  reflection  on  the  admirable 
‘‘  contrivance  of  Nature,  who  does  nothing  without 
‘‘  an  ufeful  purpofe,  in  combining  the  different 
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“ humours  of  the  eye.  “ ^od  ft  ob  djfficultates 
“ phyficas  in  fpeculis  idoneis  form  elaborandis  et  po~ 
“ liendis,  etiamnum  lentibus  uti  oporteat\  fortajfs  me^ 
“ dia  diverfa  den/itatis  ad  lentem  objedtivam  compo- 
nendam  adhibcre  utile  feret,  ut  a natura  fadlum 
obfervamus  in  oculi  fabrica^  ubi  chriftaUinus  humor 
“ Cfre  ejufdem  cum  vitro  virtutis  ad  radios  lucls 
■*  refringendos ) aqueo  et  vitreo  ( aqu<2  quoad  refrac^ 
‘‘  tionem  baud  abftmilibus ) conjiingitur,  ad  imaginetn 
quam  diftindd  fieri  poterit,  a Natura  nihil  frufira 
7iioliente^  in  oculi  fundo  depingendam  But 

if,  on  account  of  the  phyfical  difficulties  which 
“ we  meet  with  in  turning  and  poliffiing  the  larger 
“ Specula  of  telefcopes,  we  are  forced  dill  to  make 
ufe  of  lenfes,  it  might  perhaps  be  of  advantage, 
in  framing  the  objed-glafles  of  our  telefcopes,  to 
“ employ  the  combination  of  media  of  different 
“ denfity;  as  we  obferve  is  done  by  Nature  in  the 
ftrudure  of  the  eye ; in  which  the  chryftalline 
“ humour,  poffeffmg  nearly  the  fame  refrading 
power  with  glafs,  is  conjoined  with  the  aqueous 
“ and  vitreous  humours,  which  have  a refradling 
“ power  fimilar  to  water  j a combination,  which 


* Catopt.  & Deopt.  Sphsr.  Elem,  O^ton.  1695 

Sec  I ,fe  of  Dr.  John  Grcgo,y,  prefixed  to  hb  works 
burgh,  1788. 
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“ Nature,  who  does  nothing  in  vain,  has  found  to 
“ be  the  fitted;  for  painting  with  the  greatefl;  pof- 
“ fible  diftinftnefs  the  figure  of  objefts  on  the 
tim:* 

Through  the  whole  works  of  the  immortal 
Newton,  we  perceive  a conftant  attention  to  Final 
caufes,  or  to  the  great  purpofes  of  the  Deity.  It 
was  the  firm  opinion  of  this  mod;  eminent  philofo- 
pher,  that  as  we  are  every  where  encountered  in  our 
refearches  by  powers  and  efiefts  which  are  unac- 
countable upon  any  principles  of  mere  mechanifm, 
or  the  combinations  of  matter  and  motion,  we  mud; 
for  ever  refort  to  a fupreme  power,  whofe  infiuence 
extends  over  all  Nature,  and  who  accomplidies  the 
wifeft  and  mod;  benevolent  ends  by  the  bed;  podible 
means.  Of  his  fentiments  on  this  fubjeft,  his  ex- 
cellent abridger  and  commentator,  Mr.  Maclaurin, 
gives  the  following  brief  detail,  with  which  we  dialj 
clofe  the  fubjeft. 

“ There  is  nothing  we  meet  with  more  ffe- 
“ quently  and  condantly  in  Nature,  than  the  traces 
“ of  an  all-governing  Deity.  And  the  philofopher 
who  overlooks  thefe,  contenting  himfelf  with  the 
“ appearances  of  the  material  univerfe  only,  and  the 
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“ mechanical  laws  of  motion,  negle^ls  what  is  mofl 
“ excellent ; and  prefers  what  is  imperfedt  to  what 
“ is  fupremely  perfect,  finitude  to  infinity,  what  is 
“ narrow  and  weak  to  what  is  unlimited  and  al- 
“ mighty,  and  what  is  perifhing  to  what  endures 
“ for  ever.  Such  who  attend  not  to  fo  manifefl 
“ indications  of  fupreme  wifdom  and  goodnefs, 
perpetually  appearing  before  them  wherever  they 
“ turn  their  views  or  inquiries,  too  much  refemble 
“ thofe  antient  philofophers  who  made  Night,  Mat- 
“ ter,  and  Chaos,  the  original  of  all  things. 

“ The  plain  argument  for  the  exiftence  of  the 
“ Deity,  obvious  to  all,  and  carrying  irrefiftible 
“ convidion  with  it,  is  from  the  evident  contri- 
“ vance  and  fitnefs  of  things  for  one  another, 
“ which  we  meet  with  throughout  all  parts  of  the 
“ univerfe.  There  is  no  need  of  nice  or  fubtle 
“ reafonings  in  this  matter  : a manifefl  contrivance 
“ immediately  fuggefls  a contriver.  It  flrikes  us 
“ like  a fenfation ; and  artful  reafonings  againfl  it 
may  puzzle  u§,  but  it  is  without  fhaking  our  be* 
lief.  No  perfon,  for  example,  who  knows  the 
principles  of  Optics,  and  the  flru6lure  of  the  eye, 
can  believe  that  it  was  formed  without  fkill  in 
that  fciencej  or  that  the  ear  was  formed  with- 
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“ out  the  knowledge  of  founds  j or  that  the  male 
“ and  female  of  animals  were  not  formed  for  each 
“ other,  and  for  continuing  the  fpecies.  All  our 
“ accounts  of  Nature  are  full  of  inftances  of  this 
kind.  The  admirable  and  beautiful  ftrufture  of 
“ things  for  Final  caufes,  exalts  our  idea  of  the  Con- 
“ triver : the  unity  of  defign  fhews  him  to  be 
“ One,  The  great  motions  in  the  fyftem  performed 
“ with  the  fame  facility  as  the  lead,  fuggeft  his  Al~ 
“ 7iiighty  Power,  which  gave  motion  to  the  earth 
and  the  celeftial  bodies,  with  equal  eafe  as  to  the 
minutefl;  particles.  The  fubtilty  of  the  motions 
and  aflions  in  the  internal  parts  of  bodies,  Ihews 
“ that  his  influence  penetrates  the  inmoft  receffes  of 
“ things,  and  that  He  is  equally  adive  and  prefent 
“ every  where.  The  fimplicity  of  the  laws  that 
“ prevail  in  the  world,  the  excellent  difpofition  of 
“ things,  in  order  to  obtain  the  befl  ends,  and  the 
“ beauty  which  adorns  the  works  of  Nature,  far 
“ fuperior  to  any  thing  in  art,  fuggeft  his  confum- 
“ mate  Wifdom.  The  ufefulnefs  of  the  whole 
“ fcheme,  fo  well  contrived  for  the  intelligent 
“ beings  that  enjoy  it,  with  the  internal  difpofition 
“ and  moral  ftruflure  of  thofe  beings  themfelves, 
“ fliew  his  unbounded  Goodnefs.  Thefe  are  the 
“ arguments  which  are  fufficiently  open  to  the  views 
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“ and  capacities  of  the  unlearned,  while  at  the  fame 
“ time  they  acquire  new  ftrength  and  luftre  from 
“ the  difcoveries  of  the  learned 

Such  were  the  fentiments  of  the  great  Newton 
on  the  fubjedl  of  Final  caufes  : and  we  cannot  fail 
to  remark  that  the  preceding  detail  of  thofe  fenti- 
ments by  Mr.  Maclaurin,  is  in  fa6t  a brief  but  com- 
plete delineation  of  Mr.  Derham’s  views  in  his 
principal  works,  the  Fhjfico-Theology  and  Ajlro- 
Theology, 


With  refpedt  to  this  new  Edition  of  the  Phyfico- 
'Theology  now  offered  to  the  Public,  it  may  be  pro- 
per here  to  add  a few  words.  The  foie  motive  to 
this  undertaking,  on  the  part  of  the  Editor,  was  an 
earneft  defire  to  extend  the  benefit  and  utility  of  this 
admirable  work  to  all  claffes  of  readers,  by  opening 
to  their  view,  what  is  in  reality  the  moft  interefting 
as  well  as  amufing  part  of  the  book,  thofe  copious 
(lores  of  phyfical  knowledge,  the  fafts  and  obferva- 
tions  contained  in  the  notes  to  this  work.  Separated 

* Account  of  Sir  Ifaac  Newton’s  Philofophical  Difcoveries, 
by  Colin  Maclaurin,  A.  M.  F.  R.  S.  Book  iv.  c.  9. 
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indeed  from  the  notes,  the  text  of  the  Phyfico- 
Theology  is  nothing  elfe  than  a detail  of  doftrines 
without  their  proofs ; which  the  reader  muft  con- 
tent himfelf  v/ith  receiving  on  the  bare  authority  of 
their  announcer.  This,  however,  was  by  no  means 
the  intention  of  the  author  j for  in  reality  he  has 
fupported  every  obfervation  which  he  advances  in 
the  text,  by  ample  proofs  and  illuftrations  contained 
in  the  notes.  As  thefe,  however,  confift  in  great 
part  of  quotations  from  Latin  and  Greek  authors, 
the  unlearned  reader  is  totally  excluded  from  all 
the  benefit  of  the  proofs  and  illuftrations  drawn 
from  their  works.  It  appeared  therefore  to  the 
Editor,  that  a faithful  tranllation  of  thofe  quota- 
tions in  the  learned  languages  could  not  fail  to 
be  acceptable,  not  only  to  fuch  readers  as  are 
entirely  ignorant  of  thofe  languages,  but  even  to 
thofe  who,  though  moderately  (killed  in  them,  are 
not  verfant  in  the  technical  and  fcientific  phrafe- 
ology  ufed  by  the  Latin  and  Greek  writers.  An- 
other obvious  mean  of  extending  the  utility  of  this 
excellent  work  was,  to  fubjoin  a fhort  notice  of  all 
the  mod  important  difeoveries  that  have  been  made 
in  Phyfics  fince  the  time  of  Mr.  Derham ; as  well 
as  of  fuch  curious  fafts  as  have  recently  come  to 
knowledge,  and  which  tend  to  confirm  the  chief 
7 doflrines. 
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doftrmes,  or  to  throw  additional  light  on  the  prin- 
cipal topics  of  the  author^s  inquiry.  This  there- 
fore the  Editor  has  attempted  in  the  additional 
Notes,  which  are  pretty  numerous  and  ample  : and 
he  has  likewife  fupplied  what  was  confelfedly  a moll 
material  want  in  all  former  editions,  feveral  Plates,  to 
illuftrate  thofe  fubjefts  which  are  Imperfe£lly  un- 
derftood  by  verbal  defcription  alone.  If  in  all,  or 
in  any  of  thefe  refpefts, ' this  new  edition  of  the 
Phyfico -Theology  fhall  be  deemed  worthy  of  the 
attention  of  the  Public,  the  Editor  is  well  rewarded, 
in  the  pleafing  confcloufnefs  of  having  contributed 
his  aid  to  the  advancement  of  thofe  noble  pur- 
pofes  of  its  pious  Author,  who, 

to  the  height  of  this  great  argument, 

Sought  to  afjert  Eternal  Providence, 

And  juftify  the  ways  of  God  to  man  ! 
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WORKS  of  the  Rev.  Dr.  W.  DERHAM. 


1 HTSICO-Theologv,  or  a Demonftratlon  of  the  Being 
and  Attributes  of  God,  from  his  Works  of  Creation. 
Lond.  1713. 

AJlro-Theologyy  or  a Demonttration  of  the  Being  and 
Attributes  of  God,  from  a Survey  of  the  Heavens.  Illuf- 
trated  with  Copperplates.  8vo.  1714. 

ChriJIo-'Theology^  or  a Demonftration  of  the  Divine  Au- 
thority of  the  Chrillian  Religion  ; being  the  Subftance  of 
a Sermon  preached  at  Bath,  2d  November  1729. 

The  Artificial  Clock-Maker,  a Treatife  of  Watch  and 
Clock  Work  j {hewing  to  the  meaneft  Capacities  the  Art 
of  calculating  Numbers  to  all  Sorts  of  Movements,  &c. ; 
with  the  ancient  and  modern  Hiftory  of  Clock-Work,  and 
many  Inflruments,  Tables,  and  other  Matters,  &c.  This 
was  re-publifhed  with  large  Emendations  in  1734. 

Notes  and  Obfervations  fubjoined  to  the  Natural  Hif- 
tory of  Birds  and  Englifh  Infers  \ by  Eleazar  Albin. 
4 vols.  4to. 
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Papers  In  the  Philofophical  Tranfa£Uons,  viz. 

1.  Part  of  a Letter  dated  Dec.  6,  ifJ97,  giving  an  Ac- 
count of  fome  Experiments  about  the  Height  of  the  Mer- 
cury in  the  Barometer,  at  Top  and  Bottom  of  the  Monu- 
ment in  London  •,  and  a Defeription  of  a portable  Baro- 
meter. Phil.  Tran.  No.  236.  p.  2,  &c. 

2.  A Letter  dated  January  13,  1697-8,  about  a Con- 
trivance to  meafure  the  Height  of  the  Mercury  of  the  Ba- 
rometer, by  a Circle  on  o.ne  of  the  Weather  Plates : with 
a Regifter  or  Diary  of  the  Weather,  obferved  every  Day 
at  Upminlter,  during  the  Year  1697.  Ibid.  No.  237. 

p.  4g. 

3.  A Letter  to  Dr.  Sloane,  with  a Regifter  of  the 
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VOL.  I. 

'pHE  works  of  the  creation  relating  to  our  terra- 
queous globe,  are  fuch  as  are  vifible  in  the 

Outworks  or  appendages  of  the  globe,  -viz,  thefe 
three : 

The  atmofphere 

Compofed  of  air  and  vapours 
Ufeful  to 

Refpiration  and  animal  life  - . . 

Vegetation  of  plants  - 
Conveyance  of 
The  winged  tribes  . 

Sound  , _ _ ' " 

The  funftlons  of  nature. 

Reflcfting  and  refraaing  light 
Containing  rhe  ° 

Winds,  which  are  of  great  ufe  and  neceffitr 
To  the  falubnty  and  pleafure  of  the  air 
In  various  engines  » _ . 

In  navigation  . _ 

Clwds  and  ram ; of  great  ufe  to  the 

Origin  of  fountains,  according  to  fomt  - 32 

2.  Light. 
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2.  Light.  Its ' 

Fountain  - - . . . 

Wonderful  nccclBty  and  ufe. 

Improvement  by  glalTes  - 
Velocity. 

Expan  fion  . . : _ 

3.  Gravity  - ^ . 

Its  great  benefit  - 

Caufe  of  levity^  which  is  of  great  ufe  in  the  world 

Terraqueous  globe  itfelf,  of  which  I take  a 
view  in  general  of 
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40 

42 

45 

46 

49 


Its  fpherical  figure,  which  is  the  moft  commodi- 
ous in  regard  of 

Light  - - . . - 62 

Heat. 

Lodgment  of  the  waters. 

The  w'inds  - - . . * 63 

Its  bulk  . . . . . - 65 

Its  motion  - . - . - 66 

Annual. 

Diurnal.  ^ 

Its  place  and  dlftance  from  the  fun  and  other 

heavenly  bodies  - - - 7* 

Its  diftrlbution,  fo  as  to  caufe  all  the  parts  of  the 
globe  to 


Balance  each  other  - - - . 

Be  helpful  to  one  another. 

The  great  variety  and  quantity  of  all  things  ferv- 
ing  for  food,  phyfic,  building,  and  every  ufe 
and  bccafion  of  all  ages,  places,  and  crea- 
tures - - - - 82 

An  objeftion  anfwered  - - - - 85 

Particular  of  the  earth ; of  its 
Conftituent  parts,  •viz..  Its 

Soils  and  moulds,  neceflary  to  the 

Growth  of  various  vegetables  - - - 99 

Various  occafions  of  man,  and  other  animals  - 102 

. . \ Various 
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Various  ftrata  or  beds,  affording  materials  for 
Tools. 

Firing. 

Building. 

Dying,  and  thoufands  of  other  things , - - 105 

Conveyance  of  the  fweet  fountain-waters. 

Subterraneous  caverns  and  volcanoes  j of  great  ufe 

to  the  countries  where  they  are  - - 109 

Mountains  and  valleys,  which  are  not  rude  ruins, 
but  works  of  defign,  inafmuch  as  this  flruc- 
ture  of  the  earth  is 

The  mofl  beautiful  and  pleafant. 

The  moft  falubrlous : to  fome  conftitutions,  the 


hills;  to  fome,  the  valleys  - - 116 

Beft  to  fkreen  us,  and  other  things ^ - - 118 

Beneficial  to  the 

Produftion  of  various  vegetables. 

Harbour  and  maintenance  of  various  animals  - IT9 
Generation  of  minerals  and  metals  - - 1 21 

Abfolutely  neceffary  to  the  conveyance  of  the 
rivers  ; and  in  all  probability  to  the  origin 
of  fountains  - - - 122 

Conclufion  againfl  blaming  God  - - - 129 


Its  inhabitants  j which  are  either  fenfitive  or 
infenfithe. 

Concerning  the 

Senfitive,  fome  things  are 
Common  to  all  the  tribes,  particularly  thefe  ten : 

I.  The  five  fenfes,  and  their  organs  - - 135 

The  eye,  an  admirable  piece  of  mechanifm  in  re.- 
gard  of  its 

Form,  for  the  moft  part  fpherical,  which  Is 
beft  for 

The  reception  of  objeds  - » - 138 

Mption  of  the  eye  - - - 141 

Situation 
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Situation  in  the  moft  commodious  part  of  the 
body  of  every  creature  - _ - 

Motion,  ill  fome  animals  - . > 

Every  way. 

Fixed ; and  the  excellent  provifion*  in  that 
‘cafe  - . . 

Size ; which  is  in 

All  creatures,  according  to  their  occafions. 
Such  as  live  abroad  in  the  light,  larger. 
Such  as  live  under  ground,  Tefs. 

Number,  in  fome  animals  : 

Two  - - _ - . 

More : together  with  the  wife  provihon  to 
prevent  double  vifion. 

Parts  ; fome  of  which  are  viewed 

Tranfiently,  the  arteries,  veins,  and  fome  of 
the  mufcles  and  tunics. 

More  ftriAly  fome  of  the 

Mufcles,  and  the  excellent  provifion  made 
for  their  peculiar  ufes,  equilibration, 

Ss’r. 

Tunics:  among  which  the  various  aper- 
tures, forms,  and  pofitions  of  the  pupil 
are  particularly  noted  . - - 

Humours,  efpecially  the  prodigious  fine- 
nefs  and  compofition  of  the  cryftalline, 
according  to  Mr.  Lewenhoeck 
Nerves  _ _ _ - - 

Optic. 

, Motory. 

Guaj'd  and  fecurity,  provided  for  by 
The  reparation  of  the  aqueous  humour. 
Covering  of  the  eye-lids. 

Strong  and  curious  bones. 

Hard  and  firm  tunics. 

Withdrawing  them  into  their  heads 
Of  eredl  vifion  - - - “ . " 

Hearing.  Its 

Organ,  the  ear  - - 

Double,  enabling  us  to  hear  every  ivay,  and  a 
good  provifion  for  the  lofs  or  hurt  of  one. 
Situated  in  the  very  beft  place  for  information, 
fecurity,  and  near  the  eye  and  brain. 

The  fabric  of  the 

Outward  ear,  which  is  in 
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All  creatures  formed,  guarded,  placed, 
and  every  way  accoutered  according  to 
their  various  places  and  occalions 
Man  fuitable  to  his  ereft  pbfture  ; and  all 
its  parts,  the  helix,  tragus,  concha.  See. 
admirably  fuited  to  the  reception  and. 
melioration  of  founds,  and  the  fccurity 
of  the  part  - 

Inward  ear ; in  which  I take  a view  of  the 
Auditory  paflage,  curioudy  tunnelled, 
tortuous,  and  fmooth  ; and  being  al- 
ways open,  is  lined  with  the  naufeous 
ear-wax  for  a guard. 

Tuba  Euftachiana  - . _ 

Bone,  particularly  hard  and  context  for 
■ guard,  and  to  alTiit  tlie,  found. 

Tympanum,  and  its  membrane,  mufcles, 
and  four  little  bones  to  correfpond  to 
all  kinds  of  found  - 

Labyrinth,  femicircplar  canals,  cochlea  ; 
all  made  with  the  utmoft  art  - 
■ Auditoiy  nerves,  one  of  which  is  ramified 
to  the  eye,  tongue,  mufcles  of  the  ear, 
and  to  the  heart ; whence  a great  fym- 
pathy  between  thofe  parts 
Objedf,  found.  Under  which  I confider 

The  improvements  thereof  by  the  wit  of  man 
Its  great  neceffity,  and  excellent  ufes 

Its  pleafure,  and  the  power  of  mufic  - 
Smelling.  In  which  fenfe  thefe  thipgs  are  remark- 
ble,  the 

Noftrils,  always  open,  cartilaginous,  and  endowed 
with  mufcles  - _ 

Laminae,  ferving  for 

A guard  againft  noxious  things  - - _ 

The  fpreading  of  the  olfadtory  ners’cs. 
Prodigious  ufe  of  it  in  all,  efpecially  fome  of  the 
irrationals  ... 

Tafte.  The  things  moft  remarkable  in  which  fenfe 
are,  the 

Nerves  fpread  about  the  tongue  and  mouth,  with 
their  guard  _ 

The  papillae,  neatly  made 
Situation  thereof  to  be  a centinel  to  the  ftomach 
and  food. 
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Confent  thereof  with  the  other  fenfes,  by  fome 
branches  of  the  fifth  pair  . - _ 

Feeling 

Whofe  organ  is  the  nerves  - - _ 

Whicli  is  difperfed  through  every  part  of  the 
body,  and  the  admirable  benefit  thereof. 

II.  Refpiration  the  grand  aef  of  animal  life 

Miniftering  to  the  circulation  of  the  blood  and  di- 
aftole  of  the  heart. 

The  parts  concerned  therein  are 

The  larynx,  with  its  great  variety  of  mufcles, 
(ifc.  for  refpiration,  and  forming  the  voice  - 
T rachea  and  epiglottis,  exquifitcly  contrived  and 
made 

Bronchi  and  lungs,  with  their  curious  arteries, 
veins,  and  nerves 

Ribs,  diaphragm,  and  the  feveral  mufcles  con- 
cerned 

Its  defefts  in  the 
Fmtus  in  the  womb 

Amphibious  creatures  - - . 

Some  animals  in  winter  - . - 

III.  The  motion  of  animals  : concerning  which  I 
confider 


Page 

213 

216 

217 


220 


225 

226 
228 
230 

272 

237 

238 


Tranfiently  the 

Mufcles,  and  their  ftrufture,  their  fize,  fallening 
to  the  joints,  motions,  ^c.  - - - 239 

Bones,  and  their  curious  make  - - - 240 

joints,  with  their  form,  bandage,  and  lubricity  241 
Neives,  and  their  origin,  ramifications,  and  in- 
ofculations  - - - - - - 244 

More  particulariy  the  loco-motive  aft  itfelf,  which  is 
Swift  or  flow,  with  wings,  legs  many  or  few,  or 
none  at  all,  according  to  the  various  occafions 
and  w’ays  of  animals’  lives.  As  particidarly  in 
Reptiles,  whofe  food  and  habitation  is  near  at 
hand. 

Man  and  quadrupeds,  whofe  occafions  require  a 
larger  range,  and  therefore  a fwifter  motion  - 246 

Birds  and  infefts,  whofe  food,  habitation,  and 
fafety  I'cquire  yet  a larger  range,  and  have  ac- 
cordingly a yet  fwifter  motion  and  direft  con- 
veyance. 

Geometrically 
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Geometrically  and  neatly  performed  by  the  nicefl 
rules.  • 

Well  provided  for  by  the 

Due  equipoife  of  the  body  . - . 

Motive  parts  being  accurately  placed  with  regard 
to  the  centre  of  the  body’s  gravity,  and  to  un- 
dergo their  due  proportion  of  weight  and  ex- 
ercife. 

IV.  The  place  allotted  to  the  feveral  tribes  of  ani- 
mals to  live  and  a£l  in  - - . 

Concerning  which  I obferve  that 

Their  organs  are  adapted  to  their  place 
All  places  habitable  are  duly  ftocked.  ^ 

Various  animals  have  their  various  places  j and  the 
wn’fdom  thereof 

V.  The  balance  of  animals’  numbers,  fo  that  the 

world  is  not 
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Overllocked  by  their  incrcafe. 

Depopulated  by  their  death. 

Which  is  effected  in 

The  feveral  tribes  of  animals  by  a due  proportion, 
in-the 

Length  of  their  life  - » - - _ 

Number  of  their  young,  in 
Ufcful  creatures  being  many. 

Pernicious  few. 

Man  very  remarkable  by  the 
Different  length  of  his  life 

Soon  after  the  creation  - . n 
When  the  world  was  more,  but  not  fully 
peopled  - - - 1 

Vr  hen  it  was  fufiiciently  ftocked,  down  to  the 
prefent  time. 

^ue 

proportions  of  marriages,  births,  and  burials 
£aJa/ice  of  males  and  females  - . . 
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VI.  .The  food  of  animals.  In  which  the  Divine 

management  and  Providence  appears  in  the  i 

Maintaining  fuch  large  numbers  of  all  kinds  of  ani- 
- mals  on  the  land,  in  the  feas,  and  divers  places 
too  unlikely  to  afford  fufficient  food. 

Adjuftment  of  the  quantity  of  food  to  the  number 
of  devourers,  fo  that 

There  is  not  too  much,  fo  as  to  rot,  and  annoy 
the  world  3 

The  mofl  ufeful  is  the  moft  plentiful,  and 
eafieft  propagated  -----  ibid. 
Delight  which  the  various  tribes  of  animals  have  to 
the  varieties  of  food,  fo  that  what  is  grateful  to 
one,  is  naufeous  to  another ; which  is  a wife 
means  to  caufe 

All  creatures  to  be  fufficiently  fupplied. 

All  forts  of  food  to  be  confumed. 

The  world  to  be  kept  fweet  and  clean  by  thofe 
means  -------6 

Peculiar  food,  that  particular  places  afford  to  the 

• creatures  refiding  therein  - - - - ^ 

Curious  apparatus  in  all  animals  for  gathering,  and 
digeflion  of  their  food,  viz.  the 
Mouth,  nicely  fliaped  for  food,  ^c.  In 

Some,  little  and  narrow  - - - - *5 

Some,  with  a large  deep  incifure. 

Infefts  very  notable  to  catch,  hold,  and  de- 
vour prey ; to  carry  burdens,  to  bore,  and 
build  their  habitations  - - - - 1 6 

Birds  as  notable,  horned  in  all.  In  fome 

Hooked  for  rapine,  climbing,  fs’r.  • 19 

-Sharp  and  ftrong  to  pierce  trees,  iffc. 

Long  and  flender  to  greme. 

Long  and  broad  to  quafier. 

Thiat  and  fharp  edged  to  hufk  grain. 

Compreffed  to  raife  limpets, 

Teeth,  which  are  peculiarly  hard,  firmly  inferted 
in  the  jaws,  varioufly  fhaped  in  the  fame,  and 

different 
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different  animals,  deficient  in  young  creatures, 

- - - r , •* 

Salival  glands,  commodipufly  placed  for  maftica- 
tion  and  deglutition  - - - - 

Mufcles  and  tendons,  ferving  to  maftication, 
llrong  and  well  lodged. 

Gullet,  fized  according  to  the  food ; with  curi- 
ous fibres,  iffc.  - , - 

Stomach;  - - - - - 

Which  hath  a curious  mechanifm  of  fibres, 
tunics,  glands,  nerves,  arteries,  and  veins. 
Whofe  faculty  of  digeftion  by  fuch  feeming. 

weak  menftruums  is  admirable. 

Whofe  fize  and  ftrength  is  conformable  to  the 
nature  of  the  food,  or  occafions  of  animals 
Which  is  In 

Tame  animals  but  one, 

Ruminants,  birds,  more 
Guts,  whofe  tunics,  glands,  fibres,  valves,  and 
periftaltic  motion  deferve  admiration.  . 
Lafteals,  together  with  the  impregnations  from 
the  pancreas,  gall,  glands,  and  lymphaedufts. 
Sagacity  of  all  animals  in  finding  out,  and  provid- 
ing food.  In 

Man  lefs  remarkable  for  the  fake  of  his  underftand- 
ing  - - . . . 

Inferiour  creatures.  In  fuch  as  are 
Come  to  mature  age,  and  are  able  to  help  them'- 
felves,  by  their 
Accurate  fmeU  - 

Natural  craft 

Hunting  and  groping  out  of  fight 
Seeing  and  fmelling  at  great  diffances 
Climbing  ; the  ftrong  tendons  and  mufcles  a^ing 
therein. 

Seeing  in  the  dark. 

Helplefs.  As 
Young  creatures 

Man,  bom  the  moft  helplefs  of  any,  the  parents 
reafon,  hands,  and  affedlion  fuflficing. 
Irrationals  : for  whofe  young  the  Creator  hath 
made  a fufficlent  provifion,  partly  by  the 
Parent-animals  own 

STogyv;,  and  diligence  In  nurfing  and  defend- 
ing them  - . _ 
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Sagacity  arid  care  in  rcpofiting  their  eggs 
and  young,  where  food  and  all  neeellaries 
arc  to  be  found  - 

Ability  of  the  young  themfelves  to  fhift  for, 
and  help  themfelves  with  the  little  helps 
of  their  dams  - - - . 

Creatures  deftitute  of  food  at  fome  feafons,  or  likely 
to  want  it,  who 

Are  able  to  live  long  without  food  ■ 

Lay  up  food  beforehand. 


4* 


49 

51 


yil.  The  clothing  of  animals,  which  is  - - 56 

Suited  to  the  place  and  occafions  of  all.  In 
Man  it  is  left  to  his  own  reafon  and  art,  joined 
with  fufficient  materials ; which  is  bell  for 
him. 

Becaufe  he  may  fuit  his  clothing  to  his  quality 
and  bufinefs  - - . • 6z 

For  perfpiration  and  health  fake. 

To  exercife  his  art  and  induftry. 

To  excite  his  diligence  in  keeping  himfelf 
fweet  and  clean. 

In  being  the  parent  of  divers  callings  - *64 

Irrationals  : who  are  either 
Ready  furniflied  with  proper  clothing, 

On  the  dry  land  with  hair,  fleeces,  furs,  fhells, 
hard  fleins,  &'c.  - - - - 

In  the  air  with  feathers,  light,  ftrong,  and 
warm  - - -66 

In  the  waters  with  fcales,  hard  for  guard ; 
fmooth  for  paflage  ; or  with  ftrong  flieUs  to 
guard  fuch  as  move  more  flowly  - - 69 

Provide  for  themfelves  by  their  textrine,  or  ar- 
chitechtonic  art.  Of  which  under  the  next 
branch. 

Well  garnifhed,  being  all  workman-like,  complete, 
in  its  kind  beautiful,  being 
Adorned  with  gay,  various,  and  elegant  colours. 

If  fordid,  yet  with  exaA  fymmetr)',  and  full  of 
curious  mechanifm. 


VIII.  The  houfes  and  habitations  of  - *72 

Man,  who  is  abundantly  fumiflicd  with 

Contrivance  and  art  to  build  and  garnifli  his  ha- 
bitations 


Materials 
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Materials  of  all  forts  to  effeft  his  works 
Irrationals,  whofe  max'vellous  inftindl  is  manifefted 
by  the 

Convenience  of  their  nefts  and  habitations  for  the 
Hatching  and  education  of  their  young 
Guard  and  defence  of  themfelves  and  their  young. 
Fabric  of  their  nefts,  fcarce  imitable  by  man,  and 
lliewn  by  their  contrivance  and  make,  being  ex- 
aftly  fuitable  to  their  occafions,  and  made  by 
Putting  only  a few  ugly  fticks,  m'ofs,  dirt,  fife,  to- 
gether - - . _ . 

Building  combs  according  to  the  beft  rules  of  ma- 
thematics. 

Weaving  webs,  and  making  cafes.  For  which  fer- 
vice  the  .parts  of  their  bodies,  and  materials  af- 
forded by  them,  are  very  confiderable. 

IX.  Animals’  felf-prefervation  - - . 

For  which  there  is  always  a guard  in  proportion 

to  the  dangers  and  occafions  of  their  ftate. 
Which  is  obfervable  in 

Man,  whofe  reafon  and  art  fupplies  the  defeeft 
of  natural  armature. 

Inational  creatures : who 
As  they  are  on  one  hand  fulEciently  guarded  by 
their  ^ 

Shells,  horns,  claws,  ftings,  ^c. 

Changing  their  colours. 

Wings,  feet,  and  fwiftnefs,  . - , . 

Diving  in,  and  tinging  the  waters, 

Ejefting  juices  out  of  their  body. 

Accurate  fmell,  light,  and  hearinof. 

Natural  craft  - . ... 

Uncouth  node,  ugly  gefticulations,  and  hor- 
rid afpeft. 

Horrible  ftink  and  excrements ; - . 

So  on  the  other  hand  can  by  their  ftrength,  fara- 
city,  or  natural  artifices  entrap  and  capti- 
vate what  18  necelihry  for  their  food  Ld 
other  occafions. 

X.  Animals’  generation.  - - , 

Equivocal,  is  denied  ■ . « 

Univocal,  which  of  « «.  - 

f a 
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Man  IS  fVTrfjTriiai-  etrxa,  pafied  wholly  hy 

Irrational  creatures,  which  is  remarkable  for 
their 

Sagacity  in  choofing  the  fitted;  place  for  their 
"eggs  and  young : where  it  is  obfervable 
what  a 

Complete  order  they  obfen'C. 

Neat  apparatus  their  bodies  are  provided  with 


for  this  pui-pofe  - - - - - 114 

Natural  venom  they  injeft  with  their  eggs  into 
vegetables  to  pervert  nature,  and  produce 
balls,  and  cafes  - - - - - ity 

Making  ufe  of  the  fitted  feafons,  either 

All  (eafons  - - - - - -118 

When  provifions  are  mod;  plentiful  and  eafied.  had. 

Dye  nunaber  of  young  t - - - 119 

Diligence  and  concern  for  their  young,  in  point  of 

Incubation  - - - - - -121 

Safety  and  defence  - - - - ■:  122 


Faculty  of  nurfing  their  young,  by 

Suckling  them.  In  which  it  is  obfervable 

How  fuitable  this  food  is. 

How  wilh’ngly  parted  with  by  all,  even  the  mod 
favage. 

What  a complete  apparatus  in  all  creatures  of 
dugs,  &‘c. 

Putting  food  in  their  mouths,  with  their  proper 

parts  for  catching  and  conveying  food  - - 127 

Neither  way,  but  by  laying  in  provifions  before- 
hand - - - - - 128 


Having  in  the  Fourth  Book  thus  difpatched 
the  decad  of  things  in  common  to  the  fenfitive 
creatures,  I take  a view  of  their  particular  tribes, 
viz.  of 

Man  ; ^whoin  I confider  with  relation  to  his 

Soul  - - - - - ■ *4^ 

Concerning  which,  liavlng  curfprily  mentioned  di- 
vers things,  I infid  upon  two  as  Ihewing  an 
‘ efpecial  Divine  management,  the 

Various 
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Various  genii,  or  inclinations  of  men,  which  is 
a wife  provifion  for  the  difpatch  of  all  the 
world’s  affairs,  and  that  they  may  be  per- 
formed with  pleafure  - ’ " " ^43 

Inventive  faculty  - ■ " . “ 

In  which  it  is  retrtarkable  that  - 

Its  compafs  is  fo  large,_  e!xtending  to  all;  things 
of  ufe,  and  occafioning  fo  many  fevetal  call- 


luys.  1 r r 

Things  of  greateft  neceffity  and  ufe  were  loon 

and  eafily  found  out ; but  things  lefs  ufeful 
• later,  and  dangerous  things  not  yet.  Here  of 
divers  particular  Inventions,  with  an  export- 
ation to  exercife  and  improve  our  gifts  4 -.  153 

Body.  In  which  the  things  particularly  remarked 
upon  are  the  " . -• 

Ereft  pofture  - - - ■ , ' - 106 

The' moft  cohvenienffor  a rational  being. 

Manifeftly  intended,  as  appears  from  the  ftruc- 

ture  of  fome  particular  parts  mentioned  - 170 

Isfice ftrudfure  of  the  parts  miniftering  thereto; 
Equilibration  of  all  the  parts  - , * ^7^ 

Figure  and  fhape  of  man’s  body  moft  agreeable, 

, to  his  place  and  bufinefs  - - ^74 

Stature  and  lize,  which  is  much  the  belt  for  man’s « 


Hate 

- 

i7j? 

Struifture  of  the  parts  - * 

Which  are 

Without  botches  and  blunders; 

* 

i8z 

Of  due  ftrength.  . , 

Of  the  belt  form. 

• 

Moll  accurately  accommodated  to  their  proper 
offices. 

LodgSntient  of  the  parts  - •* 

As  the 
Fivd’fenfes;  ' 

187 

Hand  - • ^ 

Legs  and  Feet.  ‘ ' 

. Heart.. 

9 

188 

Vifeera  - ; - - 

- 

190 

Several  bones  and  mufcles,  iffc. 

- 

ibtd. 

Covering  of  all  with  the  lldn 
Frovifion  in  man’s  body  to 
Prevent  evils  by  the' 

m 

191 

■ fj  ' • 

Situation 
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Situation  of  the  eyes,  cars,  tongue,  and  hand 
Guard  afforded  all,  efpecially  the  principal 
, parts. 

. _ Duplication  of  fome  parts. 

Cure  of  evils  by  means  of 
, Proper  emuuftories  - 
Difeafes  themfelves  making  difeharges  of 
things  more  dangerous  - - . 

pain  giving  vi'arning,  and  exciting  our  en- 
deavours. 

Confent  of  the  parts,  effefted  by  the  nerves,  a 
fample  whereof  is  given  in  the  fifth  pair, 
branched  to  the  eye,  ear, 

Political,  fociable  ftate.  For  the  prefervation  and 
fecurity  of  which  the  Creator  hath  taken  care 
by  variety  of  men’s 

Faces  ■ , _ . ...,  . 

Voices. 

Hand-writing. 

^adrupeds.  Of  which  I take  no  notice,  but 
wherein  they  differ  from  man,  viz. 

Prone  ppllure,  which  is  confiderable  for 

The  parts  miniftering  to  it,  efpecially  the  legs  and 
Feet,  fized  and  made  in  fome  for 
^ Strength  and  flow  motion  . - - 

Agility  and  fwiftnefs. 

Walking  and  running. 

Walking  and  fwimmmg. 

Walking  and  flying. 

Walking  and  digging. 

Traverfing  the  plains. 

Traverflng  ice,  mountains, 

Its  ufcfulnels  to  ' 

Gather  food  - - “ * 

Catch  j)rey. 

Climb,  leap,  and  fwim. 

Guard  themfelves. 

Carry  burdens,  till  the  ground,  and  other  ufe» 
for  Man. 

I parts  differing  from  thofe  of  man. 

Head,  wherein  I confider 

Its  fhape,  commonly  agreeable  to  the  animal’s 
motion  - , - - » 
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The  brain,  which  is, 

LefTer  than  in  man  - - . „ 

Placed  lower  than  the  cerebellum. 

The  niftitating  membrane  - - » . 

Carotid  arteries,  and  rete  mirabile. 

Nates. 

Neck. 

Anfwen’ng  the  length  of  the  legs  . - 
Strengthened  by  the  whitleathcr. 

Stomach 

Con-efponding  to  the  feveral  fpecics. 

Suited  to  their  proper  food,  whether  flefh, 
grain, 

Heart : Its  ^ 

Ventricles  in  fome 

One  only  - - - ■ . 

Two. 

Three,  as  fome  think. 

Situation  nearer  the  midft  of  the  body,  than  in 
man. 

Want  of  the  faftening  of  the  pericardium  to  the 
midriff'  - - 

Nervous  kinds.  A fample  of  which  is  given  in  the 
different  correfpondence  between  the  head  and 
heart  of  man  and  beaft,  by  the  means  of  the 
nerves  - - - _ . _ 

Birds.  Concerriing  which  I take  a view  of  their 
Body  and  motion  ; where  I conlider 
The  parts  concerned  in  their  motion 

The  fhape  of  the  body,  made  exaftly  for  fwira- 
ming  in,  and  paffing  through  the  air. 
Feathers,  which  are 

Moft  exaftly  made  for  lightnefs  and  ftrength. 
An  well  placed  in  every  part,  for  the  cover- 
. ing  and  motion  of  the  body. 

Preened  and  dreffed  - , . 

Wings,  which  are 

Made  of  the  very  beft  materials,  viz.  oUonesy 
hght  and  ftrong ; joints,  exadfly  opening, 
mutting,  and  moving,  as  the  occafions  of 
limht  require  ; and  the  peBoral  mufcles^ 
of  the  greateft  ftrength  of  any  in  .the 
whole  body. 
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Placed  in  the  niceft  point  of  the  body  of 
every  fpecies,  according  to  the  occafions 
of  flight,  fwimming,  or  diving. 

Tail,  which  is  well  made,  and  placed  to  keep 
the  body  fteady,  and  affid  in  its  afccnts 
and  defcents  - - - _ - 

Legs  and  feet,  which  are  made  light  for  flight, 
and  incomparably  accoutred  for  their  pro- 
per occafions  of 
Swimming 
Walking. 

Catching  prey, 
ivoofting. 

Hanging. 

W^ading  and  fearching  the  waters. 

^.ifting  them  upon  their  wings. 

Motion  itfelf. 

Performed  by  the  niceft  laws  of  mechanics. 
Ahfwering  every  purpofe  and  occafion.  : \ 
Other  parts  of  the  body,  viz.  the 

Head,  remarkable  for  the  commodipus 
1 Shape  of  itfelf  - - - “ 

■ Forms  of  the  bill. 

Site  of  the  eye  and  ear. 

, - Pofition  of  the  brain.  . ■ - 

Strudlure  of  the 
. , ’’  Larynx.  . • - , 

Tongue.  . ' . 

Inner  ear. 

Provifion  by  nerves  in  the  bill 
-<■  and  diftinguifhing  food  _ " 

Stomachs,  one  to 

Macerate  and, prepare  - - ' 

. Grind  and  digeft.  . 

■ Lungs  incornparably  made  for  ' 

Refpiriation  - - ‘ 

~ Making  the  body  buoyant.  - r'  / 

_Neck,  which  is  made 
c In  due  proportion  to  the  legs. 

• To  fearch  in  the  wattrs,  aiH 

To  counterpoife  the  body  in  flight. 

State.  Of  which  I take  notice  of  three  things, 
viz.  their 

Migration  remarkable  for  ‘ . 
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The  knowledge  birds  have  of 
Their  times  of  paffage 
The  places  proper  for  them. 

Their  accommodation  for  long  flights  by  long 
or  elfe  ftrong  wings. 

Incubation,  which  is  confiderable  for 

The  egg,  and  its  parts  - - - - 27 1 

Aft  itfclf ; that  thefe  creatures  fhould  betake  | 
themfelves  to  it,  know  this  to  be  the  way 
to  produce  their  young,  and  with  delight 
and  patience  fit  fuch  a due  number  of 
days. 

The  negleft  of  it  in  any,  as  the  oftrich,  arid 
the  wonderful  provtfion  for  the  young  in 
that  cafe  ------  274 

Nidification.  Of  which  before. 
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- 266 


Infers.  Which  although  a defpifed  tribe,  doth 
in  fome  refpeas  more  fet  forth  the  infinite 
power  and  wifdom  of  the  Creator,  than  the 
larger  animals. 

The  things  in  this  tribe  remarked  upon  are  their 

Body  - - - - “ ^^3 

Shaped,  iiot  fo  much  for  long  flights,  as  for  their 
food,  and  condition  of  life. 

Built  not  with  bones,  but  with  what  ferves  both 

for  bones  and  covering  too  - . - 284 

Eyes,  reticulated  to  fee  all  ways  at  once  - - 285 

Antennae,  and  their  ufe  - - _ 287 

Legs  and  feet  made  for 

Creeping  - - - - 289 

. Swimming  and  walking. 

Hanging  on  fmooth  furfaces. 

Leaping. 

. - 

Spinning  and  weaving  webs  and  cafes. 

Wings,  which  are  '• 

Nicely  diftended  with  bones  - - 292 

Some  incomparably  adorned  with  feathers  and 
elegant  colours. 

Some  jointed  and  folded  up  in  their  elytra, 
and  diftended  again  at  pleafure. 

Jn  number  either 

Two, 
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Two,  with  poifes.  ' 

Four,  without  poifes. 

Surprifing  minutenefs  of  fome  of  thofe  animals 
themfelves,  efpecially  of  their  parts,  which  are 
as  numerous  and  various  as  in  other  animal 
bodies  - - ' - 

State : which  fets  forth  a particular  concurrence 
of  the  Divine  Providence,  in  the  wife  and 
careful  provifion  that  is  made  for  their 
Security  againft  winter,  by  their 

Subfiiling  in  a different,  viz,  their  nympha  or 
aurelia  ftate  - - - - 

Living  in  torpitude,  without  any  wafte  of  body 
, or  ipirits  - i - - - 

Laying  up  provifion  beforehand. 

Prefervation  of  their  fpecies  by  their 
•Choofing  proper  places  to  lay  up  their  eggs  and 
fperrn,  fo  that  the 

Eggs  may  have  due  incubation  - _ . 

Young  fufficient  food. 

Care  and  curiofity  in  repofiting  their  eggs  in  neat 
order,  and  with  the  proper  part  uppermoft  - 
Incomparable  art  of  nidification,  by  being  endowed 
with 

Parts  proper  for,  and  agreeable  to  the  feveral 
ways  of  nidification,  and  the  materials  they 
ufe  in  it. 

Arcliiteftonic  fagacity  to  build  and  weave  their 
cells,  or  to  make  even  Nature  herfelf  their 
handmaid  - - - - - 
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Reptiles.  Which  agreeing  with  other  animals 
in  fomething  or  other  before  treated  of,  I 
confider  only  their  ’ 

Motion,  which  is  very  remarkable,  whether  we 
confider;  the  ..  ' ^ 

Manner  of  it,  as 

Vermicular  - i ► • 337 

Sinuous. 

Snail-like.  .1 

Caterpillar-like. 

PoifoNf 


Multipedous.  . . . 
Parts  miniftering  to  it. 
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Polfon,  which  ferves  to 

Scourge  man’s  wickednefs  - _ . 

Their  eafy  capture  and  raaftery  of  their  prey 
Their  digeftion. 

Watery  inhabitants  confiderable  for  their 
Great  variety  - - - - * - 

Prodigious  multitudes. 

Vail  bulk  of  fome,  and  furpriling  minutenefs  of 
others  - - - - _ . _ 

Incomparable  contrivance  and  llrudlure  of  their 
bodies. 

Supplies  of  food. 

Refpiration. 

Adjuftment  of  their  organs  of  ^vifion  to  their  ele- 
ment. 

Poife  and  motion  of  the  body  every  v?ay 

Infenfitive  inhabitants.  Among  which  having 
mentioned  foffils  and  others,  I infift  only 
upon  Vegetables^  and  that  in  a curfory  man- 
ner upon  their 

Great  variety  for  the  feveral  ufes  of  the  world 
Anatomy. 

Leaves 

~ • m m 

Flowers,  and  their  admirable  gaiety. 

Seed,  remarkable  for  its 
Generation. 

Make. 

Containing  in  it  a complete  plant  , - 
Prefervation  and  fafety  in  the  gems,  fruit,  earth. 

Sowing,  which  is  provided  for  by  down,  wings, 

fpringy  cafes,  carried  about  by  birds,  fown  by 
the  hulbandman,  ^c.  - - , . ^ 

Growing  and  Handing  : fome  by 
Their  own  ftrength  - - , _ 
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The  help  of  others,  by  clafping  about,  or  bang 
^ ing  upon  them  - - - " ’ ' 

Remarkable  ufe,  efpecially  of  feme  which  feem 
to  be  provided  for  the  good  of 
•All  places 

Some  particular  places,  to 

Heal  fome  locd  diftempers  - 

Supply  fome  local  wants. 

Prafticai  inferences  upon  the  whole  are  thefe 
fix,  ‘viz.  That  God’s  works 

1.  Are  great  and  excellent  “i  " ' * 

2.  Ought  to  be  inquired  into,  with  a commenda- 

• tioh  of  fuch  as  do  fo  - " ' 

3.  Are  manifeft  to  all,  and  therefore  Atheifm 

unreafonable  - - " ‘ ' 

4.  Ought  to  excite  fear  and  obedience 

5.  Ought  to  excite  thankfulnefs  - 

6.  Should  move  us  to  pay  God  his  due  homap 
- and  worfliip,  particularly  that  of  the  Lord's- 

day  : which  is  an  appointment 

, The  moll  ancient  - r r' 

Wifely  contrived  for  difpatch  of  bufmefs,  and  to 

prevent  carnality.  , 

Whofe  proper  bufmefs  is,  to  ceafe  from 

and  to  follow  fpiritual  employments ; the  chiet 
of  which  is  the  public  worfliip  of  God. 
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INTRODUCTION. 


jN  P/al.  cxi.  2.  the  Pfalmifl  afferts,  That  the 
{a)  works  of  the  Lord,  are  great ; fought  out  of  all 
them  that  have  pleafure  therein.  This  is  true  of  all 
Gods  works,  particularly  of  his  works  of  Creation : 


(«)  It  IS  not  unlikely  that  the  Pfalmift  might  mean,  at  leaf! 

the  creation  In  this  text,  the  word 
being  the  fame  that  m Pfal.  xix.  i.  Is  tranflated  Godi 
handy.coork,  which  is  manifeltly  applied  to  the  works  of  rre- 
and  properly  fignIfieth/.5««,  opus,  opificium,  from 
feat,  paravtt,  aptavU.  And  faith  Kircher,  Sknificat  tclemaf^ 
qua  ahqutd  exi/lit  W realitcr,  vel  ornat},  id  ut  non  fi/in 

Jh  iiZr  J^hoolmen  fay  realty  or  ornately,  or  is  at  pre^ 
col  931  ^ formerly  was  noiP^-^Concord.  I 2. 


VOL.  I. 


B 


which 


2 


SURVEY  OF  THE 


^vhich  when  fcught  out ; or,  as  the  Hebrew  word  (^) 

* fignificth,  when  hcedfiilly  and  deeply  pried  into,foli- 
dtoujly  obfer-ved  and  inquired  out,-  elpecially  when 
■clearly  dilcovcred  to  us ; in  this  cafe,  I fay,  w^e  find 
ihofe  work-s  of  God  abundantly  to  deferve  the 
Pralinifl’s  charafler  of  being  great  and  noble ; in- 
afmuch,  as  they  are  made  with  the  moft  exquifije 
art  (c),  contrived  with  the  utmoft  fagacity,  and 

ordered 

(^)  ^ttefmhiperqittfiu'ii^jcijcilalusejl.  Buxtor.  in  verb. 

Et Jinml  iwporlat  curnm  Jolic'itud'inem. — “ Sought  out,  inquired; 
and  it  imports  likewife  care  and  folicitude.” — Conrad.  Kirch,  ib. 
p.  I,  col.  1 174. 

(c)  ^wd  ft  onines  mundi  partes  it  a confituia  funt,  ut  neque  ad 
itfum  meliores  potuermt  ejfe,  neque  ad  Jpec’mn  pulchrhres  : videa- 
wns  utriim  ea  fortnitn  fnt,  an  eo  fain,  quo  coharere  nullo  modo  po~ 
tuerlnt,  nifi  fenfu  moderante  divindque  providentid.  Si  ergo  meliora 
■ funt  ea  qua:  naturd,  qudm  ilia,  qua  arte  perfeSia  funt,  nec  ars 
cit  quid  fine  ratione ; ne  natura  quidem  rationis  expers  ef  hahenda. 
^ui  igitur  eonvenit,fignum,  aut  tabulam  piBam  cum  adfpexeris,  fire 
jadhihitam  effe  artem  ; cumque  procul  curfum  navigii  videris,  non  du- 
hitare,  quin  id  ratione  atque  arte  moveatur  : aut  cum  folarium,  id c.  • 
mundum  autem,  qui  iff  has  ipfas  artes,  id  earum  art'fces,  iff  cunBa 
compleBatur,  cotifilii  iff  rationis  eJfe  expertem  putare?  ^od  f in 
Scythiam,  aut  In  Britanniam,fpharam  aliquis  tulerit  hanc,  qtiam  nu- 
per  faitiiliaris  nojhr  ejecit  Pofidonius,  cujus  fingula  con-oerfones 

idem  ejfciunt  in  foie,  iffc quod  ejficitur  in  ccclo,finguUs  diclus  iff 

noBibus  ; quis  in  ilia  barharie  dubitet,  quin  ea  fphatra  fit  perfeBa  • 
ratione?  Hi  autem  dubilant  de  niundo,  ex  quo  iff  oriuntur,  if  funt 
omnia,  cafune  ipfe  ft  cjfeBus, — an  ratione,  an  mente  divina  ? Et 
ylrchimeelem  arbitrantur  plus  vahiifc  in  imitandis  fphara  converfoni- 
■bus,  qudm  naturam  in  ^iciendis,  prafertim  cum  multis  partibus  fnt  ^ 
ilia  perfeBa,  quam  hacfmulata,  folertius,  idc. — “ Wherefore,  fincc 
all  the  pai  ts  of  this  earthly  fabric  are  fo  conllituted  as  to  manifeil 
at  once  the  greatell  degree  of  utility  and  the  moft  confum- 
mate  beauty,  let  us  conlider  whether  this  wonderful  aptitude  ; 
could  have  been  the  refult  of  chance,  or  mull  have  been  effefted  . 
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ordered  with  plain  wife  defign,  and  minihering 
to  admirable  ends  For  which  reafon  St.  Paul 

by  a fupreme  over-ruling  intelligence.  If  it  is  admitted  that  the 
works  of  nature  are  fuperior  to  thofe  of  art ; and  yet  art  does 
nothing  but  in  confequence  of  thought  and  reafon  ; how  can  we 
fuppofe  a principle  called  nature,  which  yetis  devoid  of  reafon  ? 
Pictures  and  ftatues  are  allowed  to  be  the  effeft  of  defign  and 
Ikill  in  the  artill : when  we  fee  a (hip  cutting  her  way  through 
the  patlilefs  ocean,  w'e  fuppofe  immediately  that  (he  is  governed 
by.  a iliilful  pilot ; — and  (liall  the  world  itfelf,  that  immenfe  ma- 
chine which  comprehends  all  arts  and  artifts,  and  every  objeft  of 
thought  or  (Icill,  be  deemed  to  refult  from  no  intelligent  or  rea- 
foning  principle  ? If  a perfon  (hould  carry  into  the  remote  re- 
gions of  Scythia  or  Britain  that  fphere  made  by  our  friend  Po- 
fidonius,  which  fo  ingenioudy  (hews  the  various  motions  of  the 
heavenly  bodies,  would  there  be  a fingle  man  in  thofe  barbarous 
nations  fo  grofsly  ignorant  as  to  doubt  that  the  machine  w'as  made 
by  art  ? Yet  our  pretenders  to  reafon  (hall  doubt  whether  this 
world  arofe  from  chance  or  from  Intelligence.  They  admire  the 
art  of  Archimedes  in  condrudfing  a machine  to  reprefent  the 
•motions  of  the  celellial  orbs ; without  acknowdedging  reafon  or 
art  in  Him  who  framed  thofe  orbs  themfelves  and  put  them  in 
motion.” — Ck.  de  Nat.  1.  ii.  c.  34,  35. 


* “ The  man,”  fays  Dr.  Beattie,  “ who  (liould  fuppofe  a 
large  city  confiding  of  a hundred  thoufand  palaces,  all  finilhed 
, in  the  minuted  parts,  and  furni(hed  with  the  greated  elegance 
and  variety  of  ornament,  and  with  all  forts  of  books,  piftures, 
and  datues,  executed  in  the  mod  ingenious  manner,  to  have  been 
produced  by  the  accidental  blowing  of  winds  and  rolling  of  fands, 
would  judly  be  acc'ounted  irrational.  But  to  fuppofe  the  uni- 
verfe,  or  our  .folar  fydem,  or  this  earth,  to  be  the  work  of  unde- 
figning  chance,  is  anabfurdity  incomparably  greater.” — Elements 
of  Moral  Science^  part  ii.  ch.  i.  Editor. 
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might  well  affirm  of  thofe  of  God  (<i), 

'I'hat  the  invifible  th'mgs  of  God,  even  his  eternal 
power  and  Godhead^  are  underjiood  by  them.  And 
indeed  they  are  the  mofl  eafy  and  intelligible  de* 
monftrations  of  tlie  being  and  attributes  of  God  (f)  ; 
<ifpecially  to  fuch  as  are  -unacquainted  with  the 
fubtilties  of  reafoning  and  argumentation  j as  the 
greatefl  part  of  mankind  are. 

It  may  not  therefore  be  unfuitable  to  the  nature 
and  defign  of  lectures  (j")  founded  by  one  of  the 
greatefl  virtuofo’s  of  the  lall  age,  and  inftituted 
too  on  purpofe  for  the  proof  of  the  Chriflian  reli- 
gion againfl  atheifls,  and  other  infidels,  to  improve 
this  occafion  in  the  demonflration  of  the  being  and 

[d)  And  a little  before  he  faith  of  nature  itfelf,  Omnem  ergo 
regit  naturam  ipfe  £Deus]]  “ God  himfelf  governs  all 

mature.” 

(f)  Mundus  codex  ejl  Dei,  in  quo  jugiter  legere  dehemis. — “ The 
world  is  the  great  volume  of  God,  in  which  we  ought  continually 
to  read.” — Bernard.  Serm. 

Arbitror  nullam  gentem,  neque  hominum  focietaiem,  apud  quos 
■ulla  Deorum  ejl  religio,  quidquam  habere  facris  Eletfniu  out  Sa- 
mothraciis  fimile,  Ea  tnmen  objcure  docent  qua  proftentur  : na- 
iura  •verb  opera  in  omnibus  animantibus  funt  perfpicua. — “ I fup- 
pofe  there  Is  no  nation  or  fopiety  .of  men  who  profefs  a reve- 
rence for  the  Gods,  among  whom  there  are  any  inlh'tutions  like 
thofe  of  the  Eleufinian  or  Samothracian , myfteries.  Yet  thefe 
teach  but  obfcurely  the  doftrines  which  they  profefs  to  incul- 
cate : the  artifice  of  nature  is  confpicuous  in  the  formation  of 
all  animal  fubllances.” — Galen,  de  Uf.  Part.  1.  xvii.  c.  i. 

(y)  Philofophia  ejl  catechifmus  ad  fdem. — Philofophy  Is 
the  cateclxifm  which  inllrufts  us  in  our  faith.” — Cyril,  i.  contr. 
Jul. 
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attributes  of  an  infinitely  wife  and  powerful  Creator, 
from  a curfory  furvey  of  the  works  of  creation^  or 
(as  often  called)  of  nature.  * 

Which  works  belong  either  to  our  Terraqueous 
Globe,  or  the  Heavens.  , 

t 

I fhall  begin  with  our  own  Globe,  being  neareft,, 
and  falling  moft  under  our  fenfes.  Which  being  a 
fubjed  very  various  and  copious,  for  the  more  me- 
thodical and  orderly  proceeding  upon  it,  I fhall 
diflribute  the  works  therein, 

I.  Into  fuch  as  are  not  properly  Parts,  but 
pendages  or  Out-works  of  the  Globe. 

II.  The  Globe  itfeif. 


/ 
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BOOK 

Of  the  Oiit-works  of  the  Terraqueous  Globe  j 
the  Atmofphere,  Light,  and  Gravity. 


CHAP.  I. 

Of  the  Atmofphere  in  gencrah 

'J'HE  atmofphere,  or  mafs  of  air,  vapours  and 
clouds,  'which  furrounds  our  globe,  will 
appear  to  be  a matter  of  defign,  and  the  infinitely 
wife  Creator's  work,  if  we  confider  its  nature  and 
make  {a),  and  its  ufe  to  the  world  {J}), 

I.  Its  nature  and  make,  a mafs  of  air,  of  fub- 
tile  penetrating  matter,  fit  to  pervade  other  bodies, 
to  penetrate  into  the  inmoft  recefles  of  nature,  to 
excite,  animate,  and  fpiritualife  j and  in  fliort,  to 

(a)  Mundi  pars  ^ aer,  quidem  necejfana  : hie  ^ enlm  qul 
calum  terramque  comedity  £5’^.— “ The  air  is  a neceirary  part  of 
our  fyftem.  It  conneds  the  heavens  and  tJie  earth.” — Senec. 
hint.  ^u.  1.  li.  c.  4. 

{h)  Ipfe  aer  nobifettm  videt,  noUfeum  audit,  nobifeum  fonat nihil 
tnim  eorumfme  eo  feri potejl,  Sffr.— “ Without  the  air  we  could 
neither  fee,  hear,  nor  communicate  founds.”— Cir.  de  Nat.  Dear. 
L ii.  c.  33. 
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be  the  very  foul  of  this  lower  world.  A thing  con- 
fequentlyj 

2.  Of  greateft  ufe  to  the  world,  ufeful  to  the 
life,  the  health,  the  comfort,  the  pleafure,  and 
bufmefs  of  the  whole  globe.  It  is  the  air  the 
whole  animal  world  breatheth,  and  liveth  by ; not 
only  the  animals*  inhabiting  the  earth  (c)  and 

air, 

(c)  As  the  air  is  of  abfolute  necelfity  to  animal  life,  fo  it  is 
neceflary  that  it  fhoiild  be  of  a due  temperament  or  coniiftence  ; 
not  foul,  becaufe  that  fuffocateth  ; not  too  rare  and  thin,  be- 
caufe  that  fufficeth  not : with  examples  of  each  of  which,  I 
(hall  a little  entertain  the  reader.  In  one  of  Mr.  Haiukjbee'% 
comprefling  engines,  I clofely  (hut  up  a fparroiuy  without  for- 
cing any  air  in  ; and  in  lefs  than  an  hour  the  bird  began  to 
pant,  and  be  agitated ; and  in  lefs  than  an  hour  and  half  to 
be  fick,  vomit,  and  more  out  of  breath ; and  in  two  hours 
time  was  nearly  expiring. 

Another  I put  in  and  comprefled  the  air,  but  the  engine 
leaking,  I frequently  renewed  the  comprefiure;  by  which 
means,  ( although  the  bird  panted  a h’ttle  after  the  firft  hour, ) 
yet  after  fiich  frequent  cpmpreflures,  and  emiflion  of  frefli  air, 
it  was  very  little  concerned,  and  taken  out  feemingly  unhurt 
after  three  hours. 

After  this  I made  two  other  experiments  in  comprefled  air, 
with  the  weight  of  two  atmofpheres  injefted,  the  engine  hold- 
ing tight  and  well ; the  one  with  the  great  tit-moufe,  the  other 
with  a fparronv.  For  near  an  hour  they  feemed  but  little  con- 
cerned ; but  after  that  grew  fainter,  and  in  two  hours  time 
fick,  and  in  three  hours  time  died  *.  Another  thing  I took  no- 
tice 


* With  regard  to  the  weight  of  the  atmofphere,  it  is  afeer- 
tained  that  every  fquare  inch  of  furface  fuftains  a preffure  of  15 
pounds.  Ever)^  fquare  foot,  therefore,  containing  144  inches, 
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air  {d\  but  thofe  of  the  waters  {e)  too.  Without  it 

moll 

tice  of,  ^vas,  that  when  the  birds  were  fick,  and  very  relilefs,  I 
fancied  they  were  fomewhat  relieved  for  a fliort  fpace,  with  the 

.*  motion 


muft  fuftain  a preflureof  2160  ; and  if  we  fuppofe  a man’s  body 
to  contain  15  fquare  feet  of  furface,  which  is  near  the  truth,  at 
an  average  of  the  medium  fize  of  the  human  body,  then  it  is  de- 
monltrable  he  muft  fuftain  a weight  of  32,400  pounds  or  16  ton. 
This  enormous  prefture  would  crufti  us  in  a moment,  were  it  not 
balanced  by  the  air  or  elaftic  fluids  contained  in  all  parts  of  the 
body.  And  as  the  atmofpherical  preflTure  varies  very  much  at  dif- 
ferent times  and  in  different  fituations,  even  to  the  weight  of  a 
ton  of  difference,  it  is  thence  evident  that  the  fpring  of  the  elaf- 
tic fluid  in  our  bodies,  muft  in  a wonderful  manner  keep  pace  in 
its  variation  with  the  Weight  of  the  atmofphere.  It  is  remarked 
that  in  all  cafes  it  feems  to  keep  pace  with  it  when  the  preffure 
is  natui-ally  diminiflied,  and  even  when  it  is  artificially  augmented, 
but  not  when  it  is  artificially  diminiflied.  In  that  kind  of  wea- 
ther when  the  preffure  of  the  air  is  leaft,  or  at  the  tops  of  moun- 
tains, we  never  perceive  our  veins  to  fwell ; but  on  the  contrary 
in  the  latter  cafe,  when  the  preffure  is  very  much  diminiflied, 
we  feel  a languor  as  if  oppreffed  with  a weight ; this,  therefore, 
muft  be  accounted  for  from  other  caufes  than  the  diminution  of 
that  weight.  ^ M.  de  Sauffure,  when  near  the  top  of  Mont 
Blanc,  felt  various  fymptoms  of  uneafinefs,  and  was  apparently 
feizedwith  fever;  but  for  thefe  fymptoms  he  accounts  from 
another  caufe  than  the  lightnefs  of  the  atmofphere.  He  obferved 
that  at  that  great  height,  vix.  2 miles  perpendicular  from  the 
fca,  the  atmofphere  was  fo  loaded  with  fixed  air,  that  lime- 
^^'ater  became  quickly  covered  with  a pellicle,  occafioned  by  the 
abforpt-on  of  fixed  mV.  Now  it  is  well  known  that  fixed  air 
■produces  fymptoms  fimilar  tq.  thofe  defcribed,  on  moft  ani- 
m^als.  Mr.  Derham’s  own  Experiments  on  the  fparrow  prove, 
that  no  fenfible  effea  was  perceived  from  the  compreffion  of  the 
atmofpliere,  to  double  its  natural  denfity ; and  perfons  in  tlve 
iving-bcll  are  not  fenfible  of  any  difagreeable  confequence  from 
the  very  great  compreffion  of  the  air.  Editor 
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inofl;  animals  live  fcarce  half  a minute  (/)  ; and 

others, 

motion  of  the  air,  caufed  by  their  fluttering  and  fhaking  their 
wing  (a  thing  worth  trying  m diving-bell ) . I fliall  leave 

the  ingenious  reader  to  judge  what  the  caufe  was  of  both  the 
birds  living  longer  in  comprefled,  than  uncomprefled  air  ; whe- 
ther a lefs  quantity  of  air  was  not  fooner  fouled  and  rendered 
unfit  for  refpiration,  than  a greater. 

From  thefe  experiments  two  things  are  manifefted ; one  is, 
that  air,  in  fome  meafure  comprefled,  or  rather  heavy,  is  necef- 
fary  to  animal  life : of  which  by  and  bye.  T*he  other,  that 
frefh  air  is  alfo  neceflary  ; for  pent-up  air,  when  overcharged 
with  the  vapours  emitted  out  of  the  animal’s  body,  becomes 
unfit  for  refpiration.  For  which  reafon,  in  the  dWing-bell^ 
after  fome  time  of  ftay  under  water,  they  are  forced  to  come  up 
and  take  in  frelh  air,  or  by  fome  fuch  means  recruit  it.  But  the 
famous  Cornelius  Drebell  contrived  not  only  a veflel  to  be  rowed 
under  water,  but  alfo  a liquor  to  be  carried  in  that  veflel,  that 
wmuld  fupply  the  want  of  frefli  air.  The  veflel  was  made  for 
King  James  I.  It  carried  twelve  rowers,  befides  the  paflengers. 
It  was  tried  in  the  river  of  Thames;  and  one  of  the  perfons  that 
was  in  that  fubmarlne  navigation  was  then  alive,  and  told  it  one, 
who  related  the  matter  to  our  famous  founder,  the  honourable, 
and  moll  ingenious  Mr.  Boyle.  As  to  the  liquor,  Mr.  Boyle 
faith,  he  difcovered  by  a doftor  of  phyfic,  who  married  Dre~ 
bed’s  daughter,  that  it  was  ufed  from  time  to  time  when  the 
air,  in  the  fubmarlne  boat,  was  clogged  by  the  breath  of  the 
company,  and  thereby  made  unfit  for  refpiration ; at  which 
time,  by  unllopping  a veflel  full  of  this  liquor,  he  could  fpeedily 
rdlore  to  the  troubled  air  fuch  a proportion  of  vital  parts,  as 
would  make  it  again  for  a *good  while  fit  for  refpiration.  The 
fecret  of  this  liquor  Drebell  would  never  dlfclofe  to  above  one 
perfon,  who  himfelf  allured  Mr.  Boyle  what  it  was.  Vide  Boyle’s 
Exp.  Phyf.  Mech.  of  the  Spring  of  the  /Hr,  Exp.  41.  in  the  DU 
grejfwn.  This  llory  I hive  related  from  Mr.  Boyle,  but  at  the 
fame  time  much  quellion  whether  the  virtues  of  the  liquor  were 
fo  eflcdual  as  reported. 


And 
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Others,  that  are  the  moft  accuftomed  to  the  want 
of  it,  live  not  without  it  many  days. 

And 

And  as  too  grofs,  fo  too  rare  an  air  Is  unfit  for  refpiration. 
Not  to  mention  the  forced  rarefaftions  made  by  the  air-pump, 
in  the  following  note  ; it  is  found,  that  even  the  extraordinary 
natural  rarefaftions,  upon  the  tops  of  very  high  hills,  much  af- 
fecl  refpiiation.  An  ecclefiaftical  perfon,  who  had  vifited  the 
high  mountains  of  Armenia,  (on  which  fome  fancy  the  ark 
retted,)  told  Mr.  Boyle,  that  whilft  he  was  on  the  upper  part  of 
them,  he  was  forced  to  fetch  his  breath  oftener  than  he  was 
wont : and  taking  notice  of  it  when  he  came  down,  the  people 
told  him,  that  it  was  what  happened  to  them  when  they  were  fo 
high  above  the  plain,  and  that  it  was  a common  obfervation 
among  them.  The  like  obfervation  the  fame  ecclefiaftic  made 
upon  the  top  of  a mountain  in  the  Cevennes.  So  a learned  tra- 
veller, and  curious  perfon,  on  one  of  the  higheft  ridges  of  the 
Pyrenees,  called  Pic  de  Midi,  found  the  air  not  fo  fit  for  refpi- 
ration, as  the  common  air,  but  he  and  his  company  were  fain 
to  breathe  ihorter  and  oftener  than  in  the  lower  air.  Vide  PhiL 
TranfaS.  No.  63.  or  Lowthorp’s  Abridg.  vol.  ii.  p.  226. 

Such  another  relation  the  learned  Jofeph  Acojla  gives  of 
himfelf  and  his  company,  that,  W'hen  they  patted  the  high 
mountains  of  Peru,  which  they  call  Periacaca,  (to  which  he 
fiith,  the  Alps  themfelves  feemed  to  them  but  as  ordinary  houfes,  in 
regard  of  high  tonvers,)  he,  and  his  companions,  nvere  furprifed 
•with  Juch  extreme  pangs  of  flraining  and  vomiting,  (not  nuithqut 
cajling  up  of  blood  too,)  and  tuith  fo  violent  a dijlemper,  that  he 
concludes  he  Jhould  undoubtedly  have  died;  but  that  this  lajled  not 
above  three  or  four  hours,  before  they  came  into  a more  convenient 
and  natural  temperature  of  the  air.  All  which,  he  concludes,  pro- 
ceeded from  the  too  great  fubtilty  and  delicacy  of  the  air, 
which  is  not  proportionable  to  human  refpiration,  w'hich  re- 
quires a more  grofs  and  temperate  air.  Vide  Boyle,  ubifupra. 

Thus  it  appears,  that  an  air  too  fubtile,  rare,  and  light,  is  unfit 
for  refpiration  ; but  the  caufe  is  not  the  fubtilty,  or  too  great 
delicacy,  as  Mr.  Boyle  thinks,  but  the  too  great  lightnefs  thereof, 
■which  renders  it  unable  to  be  a counterbalance,  or  an  antagonift 
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And  not  only  animals  ihemfelves,  but  even  trees 
and  plants,  and  the  whole  vegetable  race,  owe 

their 

to  the  heart,  and  all  the  mtifcles  minlftering  t6  re/piration,-  and  the 
diajlole  of  the  heart.  Of  which  fee  book  iv.  ch.  7.  note  i. 

And  as  our  inability  to  live  in  too  rare  and  light  an  air  may 
difcourage  thofe  vain  attempts  of  flying,  and  whimfies  of  pafling 
to  the  moon,  &c.  fo  our  being  able  to  bear  an  heavier  ftate  of  the 
air  is  an  excellent  provifion  for  men’s  occafions  in  mines,  and 
other  great  depths  of  the  earth  ; and  thofe  other  greater  preff- 
ureb  made  upon  the  air,  in  the  diving-bell,  when  we  defeend  into, 
great  depths  of  the  waters. 

(^/)  That  the  inhabitants  of  the  air  (birds  and  infefts) 
need  the  air  as  well  as  man,  and  other  animals,  is  manifeft  from 
their  fpeedy  dying  in  too  feculent,  or  too  much  rarefied  air  ; 
of  which  fee  the  preceding  and  following  note  (/}.  But  yet 
birds  and  infefts  (fome  birds  at  leaft)  can  live  in  a rarer  air 
than  man.  Thus  eagles,  kites,  herons,  and  divers  other  birds, 
that  delight  in  high  flights,  are  not  affeded  with  the  rarity  of 
the  medium,  as  thofe  perfons  were  in  the  preceding  note.  So 
infedsbear  the  air-pump  long,  as  in  the  following  note  (_/). 

(e)  Creatures  inhabiting  the  waters  need  the  air,  as  well  as 
other  animals,  yea,  and  fre(h  air  too.  The  hydrocanthari  of  all 
foT  ts,  the  nympha  of  gmits,  and  many  other  water  infeds,  have  a 
fingular  faculty,  and  an  admirable  apparatus,  to  raife  their  bac'»: 
parts  to  the  top  of  the  waters,  and  take  in  frefli  air.  It  is 
pretty  to  fee,  for  inftance,  the  hydrocanthari  come  and  thrufi. 
their  tails  out  of  the  water,  and  take  in  a bubble  of  air,  at  the 
tip  of  their  vagitia.  and  tails,  and  then  nimbly  cairy  it  down  with 
them  into  the  waters ; and  when  that  is  fpent,  or  fouled,  to 
afeend  again  and  recruit  it. 

• So  fifhes  alfo  are  well  known  to  ufe  refpiration,  by  palb 
ing  the  water  through  their  mouths  and  gills.  But  carps  will 
live  out  of  the  water,  only  in  the  air ; as  is  manifeft  by  the  ex- 
periment of  their  way  of  fatting  them  in  Holland,  and  which 
hath  been  pradifed  here  in  England,  viz.  they  hang  them  up  i<> 
a cellar,  or  fome  cool  place,  in  wet  mofs  in  a fmall  net,  with 
their  heads  out,  and  feed  them  with  white  bread  foaked  in  milk, 

for 


CH.  I. 


ATMOSPHERE. 


their  vegetation  and  life  to  this  ufeful  element  j as 
will  appear  when  I come  to  fpeak  of  them,  and  is 

manifeft; 

for  many  days.  This  was  told  me  by  a perfon  very  curious,  and 
of  great  honour  and  eminence,  whofe  word  ( if  I had  leav^  to 
name  him)  nobody  would  queftion  : and  it  being  an  inftance 
of  the  refpiration  of  fifhes  very  Angular,  and  fomewhat  out  of 
the  way,  I have  for  the  reader’s  diverfion  taken  notice  of  it. 

(y)  By  experiments  1 made  myfelf  in  the  air-pump,  in  Sep~ 
temher  and  Odober  1704,  I obferved  that  animals  whofe  hearts 
have  two  ventricles,  and  no  foramen  ovale,  as  birds,  dogs,  cats, 
rats,  mice,  &c.  die  in  lefs  than  half  a minute  counting  from  the 
very  firft;  exfuftion  ; efpecially  in  a fmall  receiver. 

A mole  (which  I fufpefted  might  have  borne  more  than  otlier 
quadrupeds)  died  in  one  minute  (without  recoveiy)  in  a'  large 
receiver ; and  doubtlefs  would  hardly  have  furvived  half  a 
minute  in  a fmall  receiver.  A bat  (although  wounded)  fuf- 
tained  the  pump  two  minutes,  and  revived  upon  the  re-admillion 
of  the  air.  After  that,  he  remained  four  minutes  and  a half, 
and  revived.  Laftly,  after  he  had  been  five  minutes,  he  conti- 
nued gafping  for  a time,  and  after  twenty  minutes  I re-admitted 
the  air,  but  the  bat  never  revived. 

As  for  infeSs  : ivafps,  bees,  hornets,  grajhoppers,  and  lady-cows, 
feemed  dead  in  appearance  in  two  minutes,  but  revived  in  the 
open  air  in  two  or  three  hours  time,  notwithftanding  they  had 
been  in  vacuo  twenty-four  hours. 

The  ear-wig,  the  great  Jlaphylinus,  the  great  black  loufy 
. beetle,  and  fome  other  infefts,  would  feem  unconcerned  at  the 
vacuum  a good  while,  and  lie  as  dead ; but  revive  in  the  air, 
although  fome  had  lain  fixteen  hours  in  the  exhaufted  re- 
ceiver. 

Snails,  bear  the  air-pump  prodigioufly,  efpecially  thofe  in 
fiiells  ; two  of  which  lay  above  twenty-four  hours,  and  feemed 
not  much  affefted.  The  fame  fnails  I left  in  twenty-eight  hours 
more  after  a fecond  exhauftion,  and  found  one  of  them  quite 
dead,  but  the  other  revived. 

Frogs  and  toads  bear  the  pump  long,  efpecially  the  former. 
A large  toad,  found  in  J^e  hou  fe,  died  irrecoverable  in  lefs  than 
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manifefl;  from  their  glory  and  verdure  In  a free 
air,  and  their  becoming  pale  and  fickly,  and  lan- 
guifliing  and  dying,  when  by  any  means  excluded 
from  it  (^). 

Thus  ufeful,  thus  neceffary,  is  the  air  to  the  life 
of  the  animated  creatures ; and  no  lefs  is  it  to  the 
motion  and  conveyance  of  many  of  them.  AH 
the  winged  tribes  owe  their  flight  and  bouyancy  (Z») 

to 

fix  hours.  Another  toad  and  frog  I put  in  together,  and  the 
toad  was  feemingly  dead  in  two  hours,  but  the  frog  juft  alive. 
After  they  had  remained  there  eleven  hours,  and  feemingly 
dead,  the  frog  recovered  in  the  open  air,  only  weak,  but  the 
toad  was  quite  dead.  The  fame  frog  being  put  in  again  for 
twenty-feven  hours,  then  quite  died. 

The  animalcules  in  pepper-nvater  remained  in  vacuo  twenty^ 
four  hours.  And  after  they  had  been  expofed  a day  or  two  to 
the  open  air,  I found  fome  of  them  dead,  fome  alive. 

(^)  That  the  air  is  the  principal  caufe  of  the  vegetation  of' 
plants,  Borelli  proves,  in  his  excellent  book  De  Mot.  Animal. 
vol.  ii.  prop.  i8i.  And  in  the  next  propofition,  he  aflureth, 
Jn  plantis  quoque  peragi  aeris  refpirationem  quandam  imperfeBam, 
a qua  earum  vita  pendet,  fff  confervatur. — “ In  plants  there  is 
likewife  an  hnperfeft  refpiration,  on  which  their  life  and  health 
depend.” But  of  this  more  when  I come  to  furvey  Vegetables. 

Some  kttice-feed  being  fo-wn  upon  fome  earth  in  the  open  air , and 
fome  of  the  fame  feed,  at  the  fame  time,  upon  other  earth  in  a glafs- 
receiver  of  the  pneumatic  engine,  afterwards  exhaufed  of  atr:  the 
feed  expofed  to  the  air,  was  grown  up  an  inch  and  half  high  within 
eight  days  ; but  that  in  the  exhaujled  receiver  not  at  all.  And  air 
being  again  admitted  into  the  fame  emptied  receivei,  to  fee  whether 
any  of  the  feed  would  then  come  up,  it  was  found,  that  in  the  f pace 
of  one  week  it  was  grown  up  to  the  height  of  two  or  three  inches. 
Vide  Phil.  Tranf.  No.  23.  Lowth.  Ahridg.  vol.  ii.  p.  206. 

{h)  In  volucribus  pulmones  perforati  aerem  infpiratum  in  tot  am 
ventris  cavitatem  admittunt.  Hvjus  ratio,  ut  propter  corporis  tnin- 

cum  acre  rcpletum  ^ qunft  esitenfum,  ipfa  magis  volatilia  eomdant, 
^ facthufqve. 
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to  it,  as  fiiall  be  fhewn  in  proper  place ; and  even 
the  watery  inhabitants  themfelves  cannot  afcend  and 
defcend  into  their  element,  well  without  it  (z). 

But 

faciliufque  ah  aere  externo,  propter  inilmi  penum^  fuftententur-  Equi- 
(iem  pifces,  quo  levitis  in  aqiiis  natent,  in  ahdomine  ’oeficas  acre  injla- 
tas  gejlant : pariter  £5*  volucres,  propter  corporis  truncum  aere  impk- 
tum  £5*  quaji  inflatum,  nudo  aeri  incumlentes,  minus  gravanturt 
proindeque  levius  £5*  expeditius  volant. — “ In  birds,  the  lungs  be- 
ing perforated,  admit  the  infpjred  air  into  the  whole  cavity  of 
the  belly.  The  purpofe  of  this  is,  that  their  bodies  being  dif- 
tended  by  the  internal  air,  may  be  the  more  eafily  fupported  in 
flying.  Fiflies,  for  the  fame  purpofe,  have  inflated  bladders  of 
air  in  the  cavity  of  the  abdomen,”  &c. — Willis  de  Anim.  Brut. 
p.  I.  C.  3. — pojlea,  book  vii.  c.  2.  note  (^). 

("i)  Fifhes,  by  reafon  of  the  bladder  of  air  nvithin  them^  can 
fufain,  or  keep  themfelves  in  any  depth  of  water : for  the  air  in 
that  bladder  being  more  or  lefs  comprffed,  according  to  the  depth  the 
ffh  fwims  at,  takes  up  more  or  lefs  fpace  ; and  confequently , the  body 
of  the  fjh,  part  of  whofe  bulk  this  bladder  is,  is  greater  or  lefs  ac- 
cording to  the  feveral  depths,  and  yet  retains  the  fame  weight.  Now 
the  rule  de  infidentibus  humido, — “ of  things  placed  on  water — 
is.  That  a body,  that  is  heavier  than  fo  much  water  as  is  equal  in 
quantity  to  the  hulk  of  it,  will  fnk,  a body  that  is  lighter  will  fwim  ; 
a body  of  equal  weight  will  rejl  in  any  part  of  the  water.  By  this 
rule,  if  the  fJh,  in  the  middle  region  of  the  water,  be  of  equal  weight 
to  the  water,  that  is,  commenfurate  to  the  bulk  of  it,  the  fifls  will 
refl  there,  without  any  tendency  upwards  or  downwards : and  if 
the  ffh  he  deeper  in  the  water,  the  bulk  of  the  ffh  becoming  lefs  by 
the  compreffion  of  the  bladder,  and  yet  retaining  the  fame  weight,  it 
will  fnk,  and  ref  at  the  bottom.  And  on  the  other  fide,  if  the  ffh 
be  higher  than  the  middle  region,  tht  air  dilating  itfelf,  and  the  bulk 
of  the  fflo  confequently  increafng,  but  not  the  weight,  the  ffh  will 
rife  upwards  and  ref  at  the  top  of  the  water.  Perhaps,  the  ffh  by 

fome  aaion  can  emit  air  out  of  its  bladder , and,  when  not 

enough,  take  in  air,— —and  then  it  will  not  be  wondered,  that 
there  fsould  be  always  a ft  proportion  of  air  in  all  fifes  to  ferve 
their  ufe,  &c.  Then  follows  a method  of  Mr.  Boyle’s  to  ex- 
periment the  truth  of  this.  After  which,  in  Mr.  Lowthorfs 

^Abridg- 
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But  it  would  be  tedious  to  defcend  too  far  into 
particulars,  to  reckon  up  the  many  benefits  of  this 
noble  appendage  of  our  globe  in  many  ufeful  en- 
gines (k)  *,  in  many  of  the  funftions  and  opera- 
tions of  nature  (/)  in  the  conveyance  of  founds ; 

and 

Abridgment,  follow  Mr.  Rtiy^e  obfervations.  / /kini  that 

hath  hit  upon  the  true  nfe  of  the  fwimming  bladders  in  JiJljes.  F or , 
1.  It  hath  been  obferved,  that  if  the  fwimming-bladder  of  any  'ffb 
be  pricked  or  broken,  fuch  a ffh  finks  prefently  to  the  bottom,  and 
can  neither  fuppnrt  or  raife  itfelf  up  in  the  ivater.  2.  Flat  ffbes, 
as  foies,  plaife,  See.  -which  lie  al-ways  grovelling  at  the  bottom^  have 
no  fwimming-bladders  that  e-ver  1 could find.  3.  In  m(fl fjhes  there 

is  a manifef  channel  leadingfrom  the  gidlet- to  the  faid  bladder, 

which,  -without  doubt,  ferves  for  the  conveying  air  thereunto.^-- 

In  the  coat  of  this  bladder  is  a mufculous  po-wer  to  contraf  it  -when 
the  ffh  lifs.  See  more,  very  curious  obfervations  relating  to  tliis 
■matter,  of  tlie  late  great  Mr.  Ray,  as  alfo  of  the  curious  ano- 
nymous Gentleman,  in  the  ingenious  Mr.  Lo-wthorp’s  Abridg- 
ment, before  cited,  p.  845.  from  Philof  Tranf.  No.  114,  115. 

(i)  Among  the  engines  in  which  the  air  is  ufeful,  pumps 
may  be  accounted  not  contemptible  ones,  and  divers  other  hy- 
draulical  engines,  which  need  not  to  be  particularly  infilled  on. 
In  thefe  the  water  was  imagined  to  rife  by  the  power  of  fuftion, 
to  avoid  a vacuum,  and  fuch  unintelligible  Itulf ; but  the  julUy 
famous  Mr.  Boyle  was  the  firft  that  folved  thefe  phenomena  by 
the  weight  of  the  atmofphere.  His  ingenious  and  curious  ob- 
' fervations  and  experiments  relating  hereto,  may  be  feen  in  his 
little  traa.  Of  the  Caufe  of  ylttraSlion  by  SuSion,  and  divers  other 

of  his  traits.  r t.  • • 

(/)  It  would  be  endlefs  to  fpecify  the  ufes  of  the  air  m na- 
ture’s operations  : I lhall  therefore,  for  a fample  only,  name  its 
great  ufe  to  the  world  in  conferving  animated  bodies,  whether 
endowed  with  animal  or  vegetative  life,  and  its  contrary  quality 
of  diffolving  other  bodies ; by  which  means  many  bodies  that 
would  prove  nuifances  to  the  world,  are  put  out  of  the  way,  by 
being  reduced  into  their  firft  principles,  (as  we  fay,)  and  fo 

embodied  with  the  earth  again.  Of  its  faculty  as  a menftruum, 

. or 
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and  a thoufand  things  befides.  And  I fhall  but 
juft  mention  the  admirable  ufe  of  our  atmofphere 
in  miniftering  to  the  enlightening  of  the  world,  by 
its  reflecting  the  light  of  the  heavenly  bodies  to 
us  (7;/)  j and  refraCling  the  fun-beams  to  our  eye, 

before 

or  its  power  to  diflblve  bodies  ; I may  inftance  in  cryftal-glafles, 
■which,  with  long  keeping,  efpecially  if  not  ufed,  will  in  time 
be  reduced  to  a powder,  as  I have  feeh.  So  divers  minerals, 
earths,  Hones,  foflU-lhells,  wood,  ^c.  which  from  Noah's  flood, 
at  leaft  for  many  ages,  have  lain  under  ground,  fo  fecure  from 
corruption,  that,  on  the  contrary,  they  have  been  thereby  made 
much  the  ftronger,  have  in  the  open  air  foon  mouldered  away. 
Of  which  laft,  Mr.  Boyle  gives  an  inftance  (from  the  D'ljfertation, 
de  admirandis  Hmgar.  Aquis ^ of  a great  oak,  like  a huge  beam, 
dug  out  of  a falt-mine  in  Tranfyhania,  fo  hard,  that  it  woufd  not 
eafily  be  wrought  upon  by  iron  tools,  yet,  being  expofed  to  the  air  out 
of  the  mine,  it  became  fo  rotten  that  in  four  days  if  was  eafy  to  be 
broken,  and  crumbled  between  one’s  fngers.  Boyle’s  Sufpic.  about 
fome  hidden  Qualities  in  the  Air,  p.  28.  So  the  trees  turned 
out  of  the  earth  by  the  breaches  at  Wejl-Thurrock  and  Dagen- 
ham, near  me,  although  probably  no  other  than  alder,  and  in- 
terred many  ages  ago  in  a rotten  oozy  mould,  were  fo  exceed- 
ingly tough,  hard,  and  found  at  firft,  that  I could  make  but 
little  impreflion  on  them  with  the  ftrokes  of  an  ax  ; but  being 
expofed  to  the  air  and  water,  foon  became  fo  rotten  as  to  be 
crumbled  between  the  fingers.  See  my  Obfervations  in  Philof. 
TranfaS.  No.  335. 

{«)  By  reJleBing  the  light  of  the  heavenly  bodies  to  us,  I mean 
that  whitenefs  or  lightnefs  which  is  in  the  air  in  the  day-time, 
caufed  by  the  rays  of  light  ftriklng  upon  the  particles  of  the 
atmofphere,  as  Well  as  upon  the  clouds  above,  and  the  other  ob- 
jefts  beneath  upon  the  earth.  To  the  fame  caufe  alfo  we  owe 
the  twilight,  viz.  to  the  fun-beams  touching  the  uppermoft  par- 
ticles of  our  atmofphere,  which  they  do  when  the  fun  is  about 
eighteen  degrees  beneath  the  horizon.  And  as  the  beams  reaclx 
more  and  more  of  the  airy  particles,  fo  darknefs  goes  off,  and 
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before  it  ever  furmounteth  our  horizon  («);  by 
which  means  the  day  is  protrafted  throughout  the 

daylight  comes  on  and  increafeth.  For  an  exemplification  of 
this,  the  experiment  may  ferve  of  tranfmitting  a few  rays  of  the 
fun  through  a fmall  hole  into  a dark  room  : b)'  which  means 
the  rays  which  meet  with  duft,  and  other  particles  flying  in  the 
air,  are  rendered  vlfible  ; or  (which  amounts  to  the  fame) 
thofe  fwimming  fmall  bodies  are  rendered  viilble,  by  their  re- 
fledling  the  light  of  the  fun-beams  to  the  eye,  which,  without 
fuch  refleftion,  would  Itfelf  be  invifiblc. 

The  azure  colour  of  the  fley  Sir  Ifaac  Newton  attributes  to  wz- 
pours  beginning  to  condenfe,  and  that  are  not  able  to  reflect 
the  other  colours.  V.  Optic.  1.  ii.  par.  3.  prop.  7. 

(n)  By  the  refraftive  power  of  the  air,  the  fun,  and  the 
other  heavenly  bodies  feem  higher  than  really  they  are,  efpe- 
clally  near  the  horizon.  What  the  refraSiions  amount  unto, 
what  variations  they  have,  and  what  alterations  in  time  they 
caufe,  may  be  briefly  feen  in  a little  book  called,  T'^e  Artificiai 
Clock-Maker,  chap.  ii.  (written  by  Mr.  Derham). 

Although  this  injleElive  quality  of  the  air  he  a great  incumbrance 

and  conffion  of  ajlronomical  ohfervations  ; -yet  it  is  not  without 

fame  corfiderahle  beneft  to  navigation  ; and  indeed,  in  fome  cafes,  the 
leneft  thereby  obtained  is  much  greater  than  would  be  the  beneft  of 
having  the  ray  proceed  in  an  exaB  f.raight  line.  [Then  he  men- 
tions the  benefit  hereof  to  the  polar  parts  of  the  world.]  Bui 
this  by  the  bye  (faith  he).  The  great  advantage  I confder  therein, 
is  the  frfl  difeovery  of  laud  upon  the  fea  ; for  by  means  hereof,  the-- 
tops  of  hills'  and  lands  are  raifed  up  into  the  air,  fo  as  to  be  difeover- 
ahle  fever al  leagues  farther  of  on  the  fea  than  they  would  be,  were 
there  no  fuch  refraSion,  which  is  of  great  beneft  to  navigation  for 
feering  their  courfe  in  the  night,  when  they  approach  near  land c 
and  likewife  for  direSing  them  in  the  day-time,  much  more  certainly 
than  the  mof  exabt  celefial  obfervalions  could  do  Ly  the  help  of  an 
uninfe^ed,  ray,  sjpeeially  in  fuch  places  as  they  have  no  foundings. 
[Then  he  propofes  a method  to  find,  by  thefe  means,  the  dif- 
tance  of  objetls  at  fea.]  Vide  Dr.  Hook’j  Pqft.  H'dris.  LeQ. 
of  Navig.  p.  466. 
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whole  globe ; aiid  the  long  and  difmal  nights  are 
fhortened  in  the  frigid  zones,  and  day  fooner  ap- 
proacheth  them ; yea,  the  fun  itfelf  rifeth ' in  ap- 
pearance (when  really  it  is  abfent  from  them)  to 
the  great  comfort  of  thofe  forlorn  places  (0). 

But  palling  by  all  thefe  things  with  only  a bare 
mention,  and  wholly  omitting  others  that  might 
have  been  named,  I fhall  only  infill  upon  the  excel- 
lent ufe  of  this  noble  circumambient  companion  of 
our  globe,  in  refpefl  of  two  of  its  meteors,  the 
winds,  and  the  clouds  and  rain  (y>). 

(0)  Cum  Belgis  in  Nova  Zemlld  hyhernarent,  fol  illis  apparitit 
16  dichus  citius,  qudm  revera  in  hori%onte  exijleret.,  hoc  ejl,  cum. 
adhuc  infra  horl^ontem  deprejfus  ejfet  quatuor  circiter  gradihus,  £ff 
quidem  acre  fereno. — “ .To  thofe  Hollanders  who  wintered  in 
Nova  Zembla,  the  fun  was  vifible,  in  a clear  flcy,  fixteen  days 
before  it  aftually  rofe  above  the  horizon,  being  yet  four  de- 
grees below  it.”-^Varen  Geog.  c.  19.  prop.  22. 

[Tiiefe  Hollanders]  found,  that  the  night  in  that  place  fhorietied 
no  lefs  than  a whole  month  ; which  muji  needs  he  a very  great  comfort 
to  all fuch  places  as  live  very  far  towards  the  north  and  fouth  poles, 
where  length  of  night,  and  want  oj  feeing  the  fun,  cannot  choofe  but 
be  very  tedious  and  irkfome.  Hook,  ibid. 

^By  means  of  the  refraftions]  we  found  the  fun  to  rife  twenty 
minutes  before  it  Jhould ; and  in  the  evening  to  remain  above  the  ho- 
rizon twenty  minutes  ( or  thereabouts)  longer  than  it  fhould.  Capt. 
James’s  Journ.  in  Boyle  of  Cold.  Tit.  18.  p.  190. 

ip)  -der—in  nubes  cogitur : humoremque  colligens  terram  aiiget 
imbribus  : turn  ejfluens  hue  illuc,  ventos  ejfcit.  Idem  anteuas  fri- 
gorum^  llf  calorumfacit  varictates  : idemque  isf  .volatus  alitum  fujlinet  { 
^ fpiritu  duaus  alit  to*  fuflentat  animantes.—‘^  The  air,  forming 
Itfelf  into  clouds,  and  colleding  raoifture  from  the  earth,  re- 
turns it  again  in  Ihowers ; or,  being  impelled  in  different  direc- 
tions, forms  winds.  To  the  air  we  owe  the  variations  of  heat 
and  cold : the  birds  are  fupported  by  it  in  their  flight  5 and  all 
anunals  preferved  in  life.”— C/r.  de  Nat.  Dear.  1.  ii,,c.  39. 
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Of  the  Winds  (a). 

O pafs  by  other  confideratlons,  whereby  I 
might  demonllrate  the  winds  to  be  the  infi- 
nite Creator’s  contrivance,  I fhall  infift  only  upon 
their  great  ufefulnefs  to  the  world.  And  fo  great 

is 

{a)  Ventus  ejl  aer  fuens, — “ Wind  is  air  in  motion,” — is 
Seneca’s  definition.  Na.  I.  v.  And  as  wind  is  a current 
of  the  air,  fo  that  which  excites  or  alters  its  currents,  may  be 
juftly  faid  to  be  the  caufe  of  the  winds.  An  a»quipoife  of  the 
atmofphere  produceth  a calm ; but  if  that  sequipoife  be  more 
or  lefs  taken  off,  a ftream  of  air,  or  wind,  is  thereby  accord- 
ingly produced,  either  ftronger  or  weaker,  fwifter  or  flower. 
And  divers  things  there  arc  that  may  make  fuch  alterations  in 
the  sequipoife  or  balance  of  the  atmofphere,  viz.  eruptions  of 
vapours  from  fea  or  land ; rarefaftions  and  condenfations  in 
one  place  more  than  another ; the  falling  of  rain,  preflure  of  the 
clouds,  Pliny,  1.  ii.  c.  45.  tells  us  of  a certain  cavern  in 

Dalmatia,  called  Senia,  in  quern,  faith  he,  dejeQo  levi  pondere, 
quamvis  tranquillo  die,  turhini  fimilis  emicat  procella  : — “ a cavern, 
into  which  when  any  light  body  is  thrown,  although  in  a calm 
day,  it  produces  a current  of  air  like  a whirlwind.” — But  as 
to  caves  it  is  obferved,  that  they  often  emit  winds  more  or  lefs. 
Dr.  Connor,  taking  notice  of.  this  matter,  fpecifies  tliefe.  In 
regno  Neapolitano  ex  immani  Cumanee  Sibylla  antro  tenuem  ventum 
ejluentem  percepi. — “ From  the  fpacious  grotto  of  the  Cuma^in 
Sibyl  in  the  kingdom  of  Naples  I perceived  a fmall  wind  to 
ilTue.” — The  like  he  obferved  at  the  caves  at  Baia,  and  in  fomc 
of  the  mines  of  Germany,  and  in  the  large  falt-mines  of  Crcuovf 
in  Poland.  Ubi,  faith  he,  opifices,  isf  ipfe  fodina  dominus  yindreas 
Morjlin,  nob.  Polonut,  mild  iiftruerunt,  quod  tanta  altquando  ven- 

torum 


CH.  II, 


OF  THE  WINDS. 


21 


is  their  ufe,  and  of  fnch  abfolute  neceffity  are  they 
to  the  falubrity  of  the  atmofphere,  that  ail  the 
world  would  be  poifoiied  without  thofe  agitations 
thereof.  We  find  how  putrid,  fetid,  and  unfit  for 

refpiration, 

iorum  tempejlas  ex  amhagiqfts  hujus  fodina  recejftbus  furgere  fokbatt 
quod  laborantes  fojfores  burnt  projlernebat,  nee  non  port  as  £3*  domi- 
ciba  ( qua  fthi  in  hdc  fodhid  artifices  exjlruunt  J penitus  cvertehat.— 

Where  the  workmen  and  the  mafter  of  the  mines,  a Polifh 
nobleman,  alErmed  to  me  that  a hurricane  often  ilTued  from 
thofe  winding  caverns  fo  violent  as  to  throw  down  the  work- 
men, and  demolifli  the  houfes  which  they  had  built  for  their 
dwellings  within  the  mines.” — Bern.  Connor.  Dijfert.  Med.  Phyf, 
P-33-  artic.  3. 

And  as  great  caves,  fo  great  lakes  fometimes  fend  forth 
winds.  So  Gajfendus  faith  the  Lacus  Legnius  doth,  E quo  dum 
exoritur  fumus,  nubes  baud  dubie  creanda  ejl^  qua  Jit  brevi  in  tem- 
pejlatem  JaviJfimam  exoneranda. — “ From  which  a fmoke  arifes 
which  forms  into  a cloud,  producing  foon  after  a violent  hurri- 
cane.”— Gajfiend.  Vit.  Peirejk.  1.  v.  p.  417. 

But  the  moll  univerfal  and  conftant  alterations  of  the  balance 
of  the  atmofphere,  are  from  heat  and  cold.  This  is  manifell  in 
the  general  trade-winds,  blowing  all  the  year  between  the  tro- 
pics from  call  to  weft  : if  the  caufe  therefore  be  (as  fome  inge- 
nious men  imagine)  the  fun’s  daily  progrefs  round  that  part  of 
the  globe,  and  by  his  heat  rarefying  one  part  of  the  air,  whilft; 
the  cooler  and  heavier  air  behind  prefleth  after.  So  the  fea  and 
land-breezes  in  note  (ir/).  And  fo  in  our  climate,  the  northerly 
and  foutherly  winds  (commonly  efteemed  the  caufes  of  cold 
and  warm  weather)  are  really  the  efTefts  of  the  cold  or  warmth 
of  the  atmofphere : of  which  I have  had  fo  many  confirm- 
ations, that  I have  no  doubt  of  it.  As  for  inftance,  it  is  not 
uncommon  to  fee  a warm  foutherly  wind,  fuddenly  chano-ed  to 
the  north,  by  the  fall  of  fnow  or  hail ; to  fee  the  wind  in  a 
frofty  cold  morning  north,  and  when  the  fun  hath  well  warmed 
the  earth  and  air,  you  may  obferve  it  to  wheel  about  towards 
t e foutherly  quarters ; and  again  to  turn  northerly  or  Cc^fterly 
U.  the  cold  evening.  ■ It  is  from  hence  alfo,  that  in  thunder- 
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refpiration,  as  well  as  health  and  pleafure,  a flag- 
Dating,  conhned,  pent-up  air  is.  And  if  the  whole 
mafs  of  air  and  vapours  was  always  at  reft,  and 
Vvithout  motion,  inftead  of  refreftiing  and  animat- 
ing, it  would  fuffocate  and  poifon  all  the  world : 
but  the  perpetual  commotions  it  receives  from  the 
gales  and  ftorms,  keep  it  pure  and  healthful  (b). 

Neither 

fiiowers  the  wind  and  clouds  are  oftentimes  contrary  to  one 
another,  (efpecially  if  hail  falls,)  the  fultry  weather  below  di- 
redling  the  wind  one  way ; and  the  cold  above  the  clouds 
another  way.  I took  notice  upon  March  the  loth,  1 71011, 
(and  divers  fuch  like  inftances  I have  had  before  and  fince,) 
that  the  moming  was  warm,  and  what  wind  ftirred  was  weft- 
fouth-weft,  but  the  clouds  were  thick  and  black  (as  generally 
they  are  when  fuow  enfues)  ; a little  before  noon  the  wind 
veered  about  to  north  by  weft,  and  fometimes  to  other  points, 
the  clouds  at  the  fame  time  flying  fome  north  by  weft,  fomc 
fouth-weft  : about  one  of  the  clock  it  rained  apace,  the  clouds 
flying  fometimes  north-eaft,  then  north,  and  at  laft  both  wind 
and  clouds  fettled  north  by  weft ; at  which  time  fleet  fell  plen- 
tifully, and  it  grew  very  cold.  From  all  which  I obfer\'e, 
I.  That  although  our  region  below  was  warm,  the  region  of 
the  clouds  was  cold,  as  the  black  fnowy  clouds  fliewed.  2.  That 
the  ftruggle  between  the  warmth  of  ours,  and  the  cold  of  the 
cloudy  region,  ftopped  the  airy  currents  of  both  regions. 
3.  That  the  falling  of  the  fnow  through  our  warmer  air  melted 
into  rain  at  firft ; but  that  it  became  fleet  after  the  fuperiour 
cold  had  conquered  the  inferiour  warmth.  4.  That,  as  that 
pold  prevailed  by  degrees,  fo  by  degrees  it  wheeled  about  both 
tlie  winds  and  clouds  from  the  northwards  towards  the  fouth. 

Hippocrates,  1.  ii.  De  Vid.  Oral.  Ovincs  ventos  wl  a nive, 
glacie,  vehpnenti  gclu,  Jluminibus,  fs’r.  fpirare  nccejjc  judical. — 
“ He  luppofes  that  all  winds  arife  either  from  fnow,  ice,  or 
froft,  or  from  rivers,”  &c. — Bartholin,  de  Ufu  Nivls,  c.  i. 

(^)  It  is  well  obferved  in  my  Lord  Howard’^  Voyage  to  Cou- 
ftantinople,  That  at  Vienna  they  have  frequerJ  winds,  which  if 

they 
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Neither  are  thofe  ventilations  beneficial  only  to 
the  health,  but  to  the  pleafure  alfo  of  the  in- 
habitants of  the  terraqueous  globe ; witnefs  the 
gales  which  fan  us  in  the  heat  of  fummer ; with- 
out which,  even  in  this  our  temperate  zone,  men 
are  fcarce  able  to  perform  the  labours  of  their 
calling,  or  not  without  danger  of  health  and 

iiey  ceafe  long  in  fummer,  the  plague  often  enfues  : fo  that  it  is  now 
grown  into  a proverb,  That  if  Auftria  be  not  windy,  it  is  fubjeil 
to  contagion.  Bohun  of  Wind,  p.  213. 

From  fome  fuch  commotions  of  the  air  I imagine  it  is,  that  at 
Grand-Cairo  the  plague  immediately  ceafes,  as  foon  as  the  Nile 
begins  to  overflow  ; although  Mr.  Boyle  attributes  it  to  nitrous 
corpufcles.  Deierm.  Nat.  of  EJJluv.  c.  4. 

Nulla  enim  propemodum  regio  ejl,  quce  non  habeat  aliquem  Jlatum 
ex  fe  nafcentem,  iff  circa  fe  cadentem. — “ Almofl;  every  region  has 
a wind  peculiar  to  itfelf.” 

Inter  catena  itaq.  Providentia  opera,  hoc  quoq.  aliquis,  ut  dig- 
num  admiratione  fufpexerit.  Non  enim  ex  und  caufd  ventos  aut 
invenit,  aut  per  diverfa  dlfpofuit  : fed  primum  ut  aera  non  Jlnerent 
pigrefcere,  fed,  afftdud  vexatione  utilem  redderent,  vitalemque  trac^ 
turis. — “ This  is  among  the  moft  admirable  of  the  works  of  Pro- 
vidence, that  by  means  of  the  winds,  the  air  is  never  fuffered 
to  ftagnate,  but  always  retains  its  vivifying  quality.” — Sen. 
Bat.  ^nejl.  1.  v.  c.  17,  18. 

All  this  is  more  evident,  from  the  caufe  afligned  to  malig- 
nant epidemical  difeafes,  particularly  the  plague,  by  my  inge- 
nious learned  friend  Dr.  Mead ; and  that  is,  an  hot  and  moifl; 
temperament  of  the  air,  which  is  obferved  by  Hippocrates , Ga- 
len,  and  the  general  hiftories  of  epidemical  difeafes,  to  attend 
thofe  diftempers.  Vide  Mead  of  Poifons,  ElTay  v.  p.  161. 
But  indeed,  whether  the  caufe  be  this,  or  poifonous  malignant 
exhalations  or  animalcules,  as  others  think,  the  winds  are,  how- 
ever,  -very  falutiferous  in  fuch  cafes,  in  cooling  the  air,  and  difr 
perfmg  and  driving  away  the  moift  or  pclllferous  vapours. 
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life  (c).  But  efpecially,  witnefs  the  perpetual  gales 
which  throughout  the  whole  year  do  fan  the  torrid 

zone, 

(c)  July  I7°7>  (called  for  fome  time  after  the 
day,')  was  fo  exceffively  hot  and  fuffocating,  by  reafon  there 
was  no  wind  Itirring,  that  divers  perfoijs  died,  or  were  in  great 
danger  of  death,  in  their  harveft-work ; particularly  one  who 
had  formerly  been  my  fer\'ant,  a healthy,  lufty,  young  man, 
was  killed  by  the  heat ; and  feveral  horfes  on  the  road  dropped 
down  and  died  the  fame  day. 

In  the  foregoing  notes,  having  notice  of  fome  things  relating 
to  heat,  although  it  be  fomewhat  out  of  the  way,  I hope  the 
reader  will  excufe  me,  if  I entertain  him  with  fome  obfervations 
I made  about  th?  heat  of  the  air  under  the  line,  compared  with 
the  heat  of  our  bodies.  J.  Patrick,  who,  as  he  is  very  accu- 
rate in  making  barometrical  and  thermometrical  inftruments, 
had  the  curiofity,  for  the  nicer  adjufting  his  thermometers,  to 
fend  two  abroad  under  the  care  of  two  very  fenfible  ingenious 
men  ; one  to  the  northern  lat.  of  8 1 ; the  other  to  the  parts 
under  the  sequinodfial : in  thefe  two  different  climates,  the 
places  were  marked  where  the  fpirits  flood  at  the  feverefl  cold 
and  greatefl  heat.  And  according  to  thefe  obfervations  he  gra- 
duates his  thei-mometers.  With  his  flandard  I compared  my 
ftandard  thermometer,  from  all  the  degrees  of  cold  I could 
make  with  fal  ammoniack.  See.  tt>  the  gi-eatefl  degrees  of  heat 
our  thermometers  would  reach  to.  And  with  the  fame  thermo- 
meter (of  naine)  I experimented  the  greatefl  heat  of  my  body, 
Jn  ^uly  1709  : firft  in  an  hot  day  without  exercife,  by  putting 
the  ball  of  my  thermometer  under  my  armpits,  and  other  hottell 
parts  of  my  body ; by  which  means  the  fpirits  were  raifed  284 
tenths  of  an  inch  above  the  ball.  After  that,  in  a much  hotter 
day,  and  indeed  nearly  as  hot  as  any  day  with  us,  and  after  I 
had  heated  myfclf  with  flrong  exercife  too,  as  much  as  I could 
well  bear,  I again  tried  the  fame  experiment,  but  could  not  get 
the  fpirits  above  288  tenths ; which  I thought  an  inconfider- 
able  difference,  for  fo  feemingly  a very  different  heat  of  my 
body.  Bat  from  fome  experiments  I have  made  (although  I 
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zone,  and  make  that  climate  an  healthful  aitd  plea- 
fant  habitation,  which  would  otherwife  be  fcarcc 
habitable. 

To  thefe  I might  add  many  other  great  conve- 
niencies  of  the  winds  in  various  engines,  and  vari- 
ous bufmelTes.  I might  particularly  infifl  upon  its 
great  ufe  to  tranfport  men  to  the  fartheft  diftant 
regions  of  the  world  (d')  j and  I might  particularly 

fpeak 

have  unfortunately  forgotten  them)  In  very  cold  weather,  I 
imagine  the  heat  of  an  liealthy  body  to  be  always  much  the 
fame,  in  the  warmeft  parts  thei-eof,  both  in  fummer  and  winter. 
Now  between  thofe  very  degrees  of  284  and  288,  the  point  of 
the  equatorial  heat  falleth.  From  which  obfervation  it  appears, 
that  there  is  pretty  nearly  an  equal  contemperament  of  the 
warmth  of  our  bodies,  to  that  of  the  hotteft  part  of  the  at- 
mofphere  inhabited  by  us. 

If  the  proportion  of  the  degrees  of  heat  be  defired  from  the 
freezing-point,  to  the  winter,  fpring,  and  fummer  air,  the  heat 
of  man’s  body,  of  heated  water,  melted  metals,  and  fo  to 
aftual  fire;  an  account  m.ay  be  met  with  of  it,  by  my  moll 
ingenious  friend  the  great  Sir  Ifaac  Newton,  In  Phil.  TranfaEl, 
No.  270. 

(<^)  /«  hoc  Provldentia  ac  Difpofitor  Ule  mundi  Deus,  aera 

•ventis  exercendum  dedif , non  ut  nos  clajfes  partem  freti  occupa- 

tiiras  compleremus  milite  armalo,  Dcdit  die  ’ventos  ad  cujlo- 

dicndam  cell  terrarumq.  iempcriem,  ad  evocandas  fupprlmenddfq. 
aquas,  ad  alendos  fatorum  aiquc  arhorum  fruBus ; quos  ad  ma. 
turitatem  cum  aliis  caufis  adducit  ipfa  jaBatio,  attrahens  cihuni  In 
fumma,  S5’  tie  torpeat,  promovens.  Dedit  ventOs  ad  tdlerlora  nof- 
cenda : fuijfet  enim  hnperituni  animal,  £3*  fme  magnd  experientid 
rcruni  homo,  ft  circumfcrileretur  natalis  foli  fne.  Dedit  nscntos  ut 
commoda  cujufque  reglouis  fercut  communia  ; non  ut  legiones  equi- 
tcmque  gefarent,  nec  ut  pcrnicioja  gentihus  arnia  tranfvehercnt.— 

That  Almighty  Providence,  that  God  who  has  forrned  every 
thing  for  the  wifeft  ends,  has  provided  that  the  air  fhall  be  kept 
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fpeak  of  the  general  and  coafting  trade-winds,  the 
fea  and  the  land  breezes  (<?)  5 the  one  ferving  to 
' carry  the  mariner  in  long  voyages  from  eaft  to 
weft ; the  other  ferving  to  waft  him  to  particular 
places  ; the  one  ferving  to  carry  him  into  his  har- 
bour, the  other  to  bring  him  out.  But  I fliould  go 

in  continual  motion  by  the  winds : not  for  this  purpofe,  that 
man  fhould  cover  the  face  of  the  deep  with  hoftile  armaments. 
He  gave  the  winds  in  order  to  preferve  the  temperature  of  the 
earth  and  air ; to  drain  off  fuperfluous  moifture ; to  invigorate 
the  fruftiferous  herbs  and  trees,  which  even  agitation,  amidft 
other  caufes,  conduces  to  bring  to  maturity,  by  drawing  up- 
wards the  nutritive  juices,  and  preventing  their  flagnation.  He 
gave  the  winds,  that  man,  by  navigation,  might  increafe  his 
knowledge,  and  extend  that  experience  which  otlierwife  would 
be  confined  to  his  native  foil.  He  gave  the  winds,  that  men 
might  enjoy  in  common  the  produftions  of  every  climate : not 
that  they  might  tranfport  armies  for  the  deftruftion  of  eadi 
other,  and  the  ruin  of  the  human  race.” — Seneca,  Nat. 

1.  V.  c.  iS. 

(f)  Sea-breezes  commonly'  rife  in  the  morning  about  nine  o’clock. 

°rbey  JirJl  approach  the  Jhore  gently,  as  if  they  'cuere  afraid  to 

come  near  it. It  comes  in  a fne,fmall,  black  curl  upon  the  'voater, 

•whereas  all  the  fea  het'ween  it  and  the  fhore  ( not  yet  reached  by  it)  is 
as  fmooth  and  even  as  glafs  in  comparifon.  In  half  an  hour’s  time 
after  it  has  reached  the  Jhore,  it  fins  pretty  brifkly,  and  fo  increaf- 
eth  gradually  till  twelve  o’clock  ; then  it  is.  commonly  the  Jlrongefl, 

and  Injls  fo  till  two  or  three,  a very  bri/k  gale. .dfter  three  it 

begins  to  die  away  again,  and  gradually  withdraws  its  force  till  all 
is  fpent ; and  about  fve  o'clock  it  is  lulled  afleep,  and  comes  no  more 
till  next  morning. 

And  as  the  fea-hreev.es  do  blow  in  the  day,  and  refl  in  the  night ; 
fo  on  the  contrary,  the  land-breezes  blow  in  the  night,  and  rejl  in 
the  day,  alternately  fucceeding  each  other.  They  fpring  up  between 
fix  and  twelve,  at  night,  and  lajl  till  fx,  eight,  or  ten  in  the  morn- 
ing. Dampier’s  Difc.  of  Winds,  c.  4. 

^3 
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too  far  to  take  notice  of  all  particulars  (/).  Leav- 
ing therefore  the  winds,  I proceed,  in  the  next 
place,  to  the  clouds  and  rain. 

I 

(/ ) One  thing  more  I believe  fome  of  my  friends  will  expe£l 
from  me  is,  that  I fhew  the  refult  of  comparing  my  own  oh- 
fervations  of  the  winds,  with  others  they  know  I have  from 
Ireland,  Switzerland,  Italy,  France,  Hew -England,  and  fome 
of  our  parts  of  England.  But  the  obfervations  being,  fome  of 
them,  but  of  one  year,  and  moft  of  the  reft  of  but  a few  yeat^ 
I have  not  been  able  to  determine  any  great  matters.  The 
chief  of  what  I have  obferved  is,  that  the  winds  in  all  thefe 
places  feldom  agree ; but  when  they  moft  certainly  do  fo,  it  is 
commonly  when  the  winds  are  ftrong,  and  of  long  continuance 
in  the  fame  quarter ; and  more,  I think,  in  the  northerly  and 
eafterly,  than  other  points.  Alfo,  a ftrong  wind  in  one  place, 
is  oftentimes  a weak  one  in  another  place,  or  moderate,  accord- 
ing as  places  have  been  nearer  or  farther  diftant^  Vide  Philof. 
FranfaS.  No.  297  and  321.  But  to  give  a good  and  tolerably 
account  of  this,  or  any  other  of  the  weather,  it  is  neceftary  to 
have  good  hiftories  thereof  from  all  parts ; wdrich  as  yet  w^ 
have  but  few  of,  and  they  imperfejft,  for  want  of  longer  and 
Sufficient  obfervatiops. 


N 
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CHAP.  III. 

Of  the  Clouds  and  Rain. 

Clouds  and  Rain  {a)  we  fliall  find  to  be  no 
lefs  ufeful  meteors  than  the  laft  mentioned ; 
as  is  manifeft  in  the  refrefhing  pleafant  fiiades  which 
the  clouds  afford,  and  the  fertile  dews  and  fhowers 

which 

- (a)  Clouds  and  rain  are  made  of  vapours  railed  from  ^vater, 
or  moifture  only.  So  that  I utterly  exclude  the  notion  of  dry, 
terrene  exhalations,  or  fumes,  talked  much  of  by  moft  philofo- 
phers  ; fumes  being  really  no  other  than  the  humid  parts  of  bo- 
dies refppftively  dry. 

Thefe  vapours  are  demonftratively  no  other  than  fmall  bub- 
bles, or  veficulas  detached  from  the  waters  by  the  power  of  the 
Iblar,  or  fubterraneous  heat,  or  both.  Of  which  fee  Book  ii. 
chap.  v.  note  [1).  And  being  lighter  thaa  the  atmofphere,  are 
buoyed  up  thereby,  until  they  become  of  an  equal  weight  there- 
with, in  fome  of  its  regions  aloft  in  the  air,  or  nearer  the  earth  ; 
in  which  thofe  vapours  are  formed  into  clouds,  rain,  fnow,  hail, 
lightning,  dew,  mills,  and  other  meteors. 

In  this  formation  of  meteors  the  grand  agent  is  cold,  which 
commonly,  if  not  always,  occupies  the  fuperior  regions  of  the 
air ; as  is  manifeft  from  thofe  mountains  which  exalt  their  lofty 
tops  into  the  upper  and  middle  regions,  and  are  always  covered 
with  fnow  and  ice. 

This  cold,  if  it  approaches  near  the  earth,  prefcntly  precipi- 
tates the  vapours,  either  in  dews  ; or,  if  the  vapours  more  co- 
pioully  afcend,  and  foon  meet  the  cold,  they  are  then  condenfed 
into  mifllng,  or  elfe  into  lliowers  of  /mail  ram,  falling  in  nume- 
rous, thick,  fmall  drops  : but  if  thofe  vapours  are  not  only  copi- 
ous, but  alfo  as  heavy  as  our  lower  airitlclf,  (by  reafon 
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which  they  pour  down  on  the  trees  and  plants, 
which  would  languilh  and  die  with  perpetual 

drought, 

bladders  are  tlilck  and  fuller  of  water, ) in  this  cafe  they  become 
vifible,  fwim  but  a little  height  above  the  earth,  and  make  what 
we  call  a mtjl  or  fog.  But  if  they  are  a degree  lighter,  fo  as  ta 
mount  higher,  but  not  any  great  height,  as  alfo  meet  not  with 
cold  enough  to  condenfe  them,  nor  wind  to  diJIipate  them,  they 
then  form  an  heavy,  tliick,  dark  Jky,  lafting  oftentimes  for  feve- 
ral  weeks  without  either  fun  or  rain.  And  in  this  cafe,  I 
have  fcarce  ever  known  it  to  rain,  till  It  hath  been  frjl  faift 
and  thin  foul.  And  Mr.  Clarke,  (an  ingenious  clergyman  of 
Norfolk,)  who  In  his  lifetime,  long  before  me,  took  notice  of  it, 
and  kept  a regifter  of  the  weather  for  thirty  years,  which  his 
learned  gi-andfon  Dr.  Samuel  Clarke  put  into  my  hands,  he  ( Z 
lay ) faith,  he  fcarce  ever  obferved  the  rule  to  fail  in  all  that  time  ; 
only  he  adds.  If  the  wind  he  in  fame  of  the  eq/lerly  points.  But  I 
have  obferved  the  fame  to  happen,  be  the  wind  where  it  will. 
And  from  what  hath  been  faid,  the  cafe  is  eafily  accounted  for, 
"iiiz.  whilll  the  vapours  remain  in  the  fame  ftate,  the  weather 
doth  fo  too.  And  fuch  weather  is  genetally  attended  with 
moderate  warmth,  and  with  little  or  no  wind  to  difturb  the 
vapours,  and  an  heavy  atmofphere  to  fupport  them,  the  baro- 
meter being  commonly  high  then.  But  when  the  cold  ap- 
proacheth,  and  by  condenfing  drives  the  vapours  into  clouds 
or  drops,  then  is  way  made  for  the  fun-beams,  till  the  fame 
vapoum,  being  by  further  condenfation  formed  Into  rain,  fall 
down  in  drops. 

The  cold  s approaching  the  vapours,  and  confequently  the 
alteration  of  fuch  dark  weather  I have  beforehand  perceived,  by 
fome  few  fmall  drops  of  rain,  hail,  or  fnow,  now  and  then  falling, 
before  any  alteration  hath  been  in  the  weather ; which  I take  to 
be  from  the  cold  meeting  fome  of  the  ftraggling  vapours,  or  the 
uppermoft  of  them,  and  condenfing  them  .into  drops,  before  it 
arrives  unto,and  exerts  itfelf  upon  the  main  bodyof  vapours  below. 

I have  more  largely  than  ordinary  infilled  upon  this  part  of  the 
weather,  partly  as  being  fomewhat  cut  of  the  way ; but  chiefly, 

becaufe 
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drought,  but  are  hereby  made  verdant  and  flourifh- 
Jiigj  gay  and  ornamental  j fo  that  (as  the  Pfalmift 

faith, 

becaufe  it  gives  light  to  Aiany  other  phenomena  of  the  weather. 
Particularly  we  may  hence  difcover  the  original  of  clouds,  rain, 
hail,  and  fnow  ; that  they  are  vapours  carried  aloft  by  the  gmvity 
of  the  air,  which  meeting  together  fo  as  to  make  a fog  above, 
they  thereby  form  a e/ou^.  If  the  cold  condenfeth  them  into 
drops,  they  then  fall  in  rain,  if  the  cold  be  not  intenfe  enough  to 
freeze  them  : but  if  the  cold  freezeth  them  in  the  clouds,  or  in 
their  fall  through  the  air,  they  then  become  hai/ or  ftioov. 

As  to  lightning,  and  other  enkindled  vapours,  I need  fay  little 
in  this  place,  and  ihall  therefore  only  obferve,  that  they  owe  alfo 
their  rife  to  vapours  ; but  fuch  vapours  as  arc  detached  from  mi- 
neral juices,  or  at  leaft  that  are  mingled  with  them,  and  are  fired 
by  fermentation  *. 

Another 


* At  the  time  when  our  author  wrote,  ele6lricity,  which 
now  forms  fo  confiderable  a part  of  natural  fcience,  was  known 
only  in  the  trifling  phenomena  exhibited  by  amber,  rofin,  and 
vitrous  fubftances,  attradling  minute  particles  of  matter  when 
rubbed.  It  was  not  till  1745  that  the  method  of  collefting  the 
cleftrical  fluid  by  means  of  the  Leyden  phial  was  difeovered ; 
and  it  was  fo  late  as  1750,  that  Dr.  Franklin,  from  feme  hints 
of  the  Abbe  Nollet,  Mr.  Winkler,  and  others,  of  the  refem- 
blance  between  the  phenomena  of  ele£lricity  and  thofe  of  thun- 
der, afeertained  the  faft  of  their  identity,  by  producing  all  the 
clcftrical  phenomena  from  lightning  drawn  from  the  clouds  by  a 
pointed  rod,  or  sinned  paper  kite.  Since  that  time  an  infinite 
number  of  experiments  have  fl’.ewn  that  the  eleclric  fluid  is  dif* 
fufed  through  all  Nature,  and  is  an  aftive  agent  in  moft  of  her 
operations.  The  formation  of  clouds  and  their  motion  ; thun- 
der and  lightning  ; the  aurora  borealis ; earthquakes,  volca- 
noes ; and  in  many  cafes,  probably,  the  phenomena  of  rain,  hail, 
and  fnow,  in  a great  degree,  depend  on  the  operation  of  this  all- 
pervading  fluid.  I fliall,  therefore,  be  cafily  excufed  for  refuming 

the 
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faith,  Pfal.  Ixv.  12,  13.)  The  little  hills  rejoice  on 
every  fide^  and  the  valleys  jhoiit  for  joy,  they  alfo  fm^. 

And 

Another  phenomenon  refolvable  from  what  hath  been  faid  is, 
why  a cold,  is  always  a >0061  fummer,'«u/z.  becaufe  the  vapours 
riling  plentifully  then,  are  by  the  cold  foon  collefted  into  rain. 
A remarkable  inftance  of  this  we  had  in  the  fummer  of  1708, 
part  of  which,  efpecially  about  the  folftice,  was  much  colder  than 
ufual.  On  fune  12,  it  was  fo  cold,  that  my  thermometer  was 
near  the  point  of  hoar  froft,  and  in  fome  places  I heard  there  wa* 
an  hoar  frofl. ; and  during  all  the  cool  weather  of  that  month,  wc 
had  frequent  and  large  rains,  fo  that  the  whole  month’s  rain 
amounted  to  above  two  inches  depth,  which  is  a large  quantity 
for  Upnunjier,  even  in  the  wettefh  months.  And  not  only  with 
us  at  Upmhijler,  but  in  other  places,  particularly  at  Zurich  in 
Snvitzerland,  they  feem  to  have  had  as  unfeafonable  cold  and  wet 
as  we. — Putt  hie  menfs,  prater  modum  humidns,  led  magno  qtdden). 
•vegetalUibus  hominilufque  damno,  ' Multuni  computmit  fanum,  &c. — > 
“ This  month  was  beyond  meafure  watery,  and  extremely  de- 
trimental to  vegetables,  and  hurtful  to  the  human  fpecies.  The 
hay  became  rotten,”  &c. — complains  the  induftrious  and  learned 
Dr.  J.  f.  Scheuchzar  : of  which,  and  other  particulars,  I have 
given  a larger  account  in  Phil.  Tranf.  No.  321. 

In  which  TranfaSion  I have  obferved  farther,  that  about  the 
equinoxes  we  (at  Upminjler  at  leaft)  have  oftentimes  more  rain 
than  at  other  feafons.  The  reafon  of  which  is  manifeft  from 
what  hath  been  faid,  wk.  in  fpring,  when  the  earth  and  %vaters 
are  loofed  from  the  brumal  conftipations,  tire  vapours  arife  in 
great  plenty  : and  the  like  they  do  in  autumn,  when  the  fummer 
heats, that  both  diffipated  them, and  warmed  the  fuperior  regions, 
are  abated  ; and  then  the  cold  of  the  fuperior  regions  meeting 
them,  condenfeth  them  into  Ihowers,  more  plentifully  than  at 

other 


the  confidcration  of  this  fubjeA  in  a note  at  the  conclufion  of  this 
firft  Book,  in  which  I (hall  endeavour  briefly  to  enumerate  the 
various  ufes  and  operations  of  the  eleftrical  fluid  in  the  fyftera 
of  nature  at  large.  Editor. 
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And  if  to  thefe  ufes,  we  Ihould  add  the  origin  of 
fountains  and  rivers,  to  vapours  and  the  rains,  as 

fome 

other  fcafons,  when  either  the  vapours  are  fewer,  or  the  cold  that 
is  to  condenfe  them  is  lefs. 

The  manner  how  vapours  are  precipitated  by  the  cold,  or  re- 
duced into  drops,  I conceive  to  be  thus  : vapours  being,  as  I faid," 
no  other  than  inflated  ‘v^ctiLe  of  water ; when  they  meet  with  a 
colder  air  than  what  is  contained  in  them,  the  contained  air  is  re- 
duced into  a lefs  fpace,  and  the  watery  fltell  or  cafe  rendered 
thicker  by  that  means,  fo  as  to  become  heavier  than  the  air,  by 
which  they  are  buoyed  up,  and  confequently  they  muft  needs  fall 
down.  Alfo  many  of  thofe  thickened  veftcuht  run  into  one,  and 
fo  form  drops,  greater  or  fmaller,  according  to  the  quantity  of 
vapours  collefted’ together. 

As  to  the  rain  of  different  places,  I have  in  fome  of  our  Tranf- 
aBions  affigned  the  quantities;  particularly  in  the  lall  cited  Tranf- 
aSion,  I have  affigned  thefe,  viz.  the  depth  of  the  rain  one  year 
with  another,  in  EngliJJd  meafure,  if  it  was  to  ftagnate  on  the 
earth,  would  amount  unto,  at  To-zvnly  in  Lahcajbtre,  42  inches 
and  a half;  at  Upvnnjlcr  in  EJfex  19  inches  and  a quarter;  at 
Zurich  in  Switzerland  32  inches  and  a quarter;  at  Pifa  in  Italy 
43  inches  and  a quarter  ; at  Paris  in  France  1 9 inches  ; and  at 
Lifle  in  Flanders  24  inches. 

It  would  be  endlefs  to  reckon  up  the  bloody  and  other  prodigious 
rains  taken  notice  of  by  hiftorians,  and  other  authors,  as  prje- 
tematural  and  ominous  accidents;  but  which,  if  ftriAly  pried  into, 
will  be  found  owing  to  natural  caufes  : of  which,  for  the  reader’s 
fatisfaction,  I will  give  an  inftance  or  two.  A bloody  rain  was 
imagined  to  have  fallen  in  France,  wh.ich  put  the  country'  people 
into  fo  great  a fright,  that  they  left  their  work  in  the  fields,  and 
in  great  hafte  flew  to  the  neighbouring  houfes.  Peircfc  (then  in 
the  neighbourhood)  ftriftly  inquiring  into  the  caufc,  found  it  to 
be  only  red  drops  coming  from  a fort  of  butterfly  that  flew  about 
in  great  numbers  at  that  time,  as  he  concluded  from  feeing  fuch 
red  drops  come  from  them  ; and  bccaufe  thefe  drops  were  laid. 
Non  fupra  esdificta,  non  in  devexis  lapidum  fuperjkiehus,  uti  debuerat  ^ 
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fome  of  the  mofl  eminent  modern  philofophers  (b') 
have  done,  we  fhould  have  another  inftance  of  the 
great  ufe  and  benefit  of  that  meteor. 

And 

contlngere,  fi  e ccelo  favgutne  plmjfet ; fed  in  fubcavls  potius  £5*  trt 
fofamintbus. — Acc^t,  quod  parietes  its  tingebantur,  non  qui  in 
vnediis  oppidis,  fed  qui  agrorum  vicini  erant,  neque  fecundum  partes 
elatiores,  fed  ad  mediocrem  foliim  altitudinem,  quantam  volitare  papi- 
liones  folent. — “ Not  upon  the  houfe-tops,  nor  on  the  hollow 
furfaccs  of  Hones,  as  mull  have  happened  if  the  bloody  Ihower 
had  fallen  from  the  atmofphere  ; but  on  the  contrary,  in  co- 
vered holes  and  cavities.  It  happened,  moreover,  that  fuch  walls 
only  were  ftained  with  thefe  drops  as  were  adjoining  to  the 
fields,  not  fuch  as  were  in  the  mldll  of  towns ; and  thofe  were  not 
tinged  in  the  higher  parts,  but  only  to  a moderate  height ; fo 
high  as  the  butterflies  are  wont  to  fly.” — Gaffend.  in  Fit.  Peirfhy 
1.  2.  p.  156. 

So  Dr.  Merret  faith  alfo,  Pluvia  fanguinis  quam  certiffime  con- 
flat  ejfe  tantum  infeBorum  excrementa  ; pluvia  tritici  nihil  aliud  ejfc 
quam  hedera  baccifera  gratia  a Jlurnis  devorafa  excretaque  compa- 
ranti  quam  Uquidifime patet. — “ It  is  known  for  certain  that  thofe 
bloody  Ihowers  are  nothing  elfe  than  the  excrements  of  infedls  : 
and  it  is  evident,  upon  comparing  them  together,  that  the 
Ihowers  of  wheat  are  only  the  feeds  of  the  berry-bearing  ivy, 

after  they  have  been  devoured  by  the  Harlings  and  evacuated.” 

Pinax  Rerum,  &c.  p.  220. 

The  curious  Worm  tells  of  the  raining  of  brimllone,  an.  164.S, 
Man  16.  Hie  Hafniie  cum  ingenti  ■ plimid  tot  a urbs,  omnefque  it  a 
vmndarentur  plateie,  ut  grejfus  hominum  impediret.  filphureoque  odore 
aerem  wficeret,  dilapfis  aliquantulum  aquis,  quibufdam  in  locis  col- 
ligere  heuit  fulphureum  pulverem,  cujus  portionem  fervo,  colore,  odore, 
isf  aids  verum  fulphur  ferentem  — “ Here,  at  Copenhagen,  when 
the  whole  town  was  overflowed  by  a great  fall  of  rain,  fo  that  the 
llreets  became  impaflable,  the  air  was  infeded  with  a fulphuV 
reous  fmell ; and  when  the  waters  were  a little  fubfided,  one 
might  have  collefted  in  fome  places  a fulphureous  powder,  cf 
’fvhich  I have  preferved  a part ; and  which  in  colour,  fmeB,  and 
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And  now,  if  we  refled  upon  this  neceflTary  ap- 
pendage of  the  terraqueous  globe,  the  aimofphere ; 

and 

every  other  quality  appeared  to  be  real  fulphur.” — Muf.  Worm. 

1.  I.  c.  ti.  feft.  I. 

Together  with  the  rain  we  might  take  notice  of  other  me- 
teors, partieularly  fnoio  ,*  which  although  an  irkfome  gueft,  yet 
hath  Its  great  ufes,  If  all  be  true  that  the  famous  T.  Bartholin 
faith  of  It,  who  wrote  a book  de  Nivis  Ufa  Medico.  In  which 
he  Ihews  of  what  great  ufe  fnow  Is  In  fruftifylng  the  earth,  pre- 
ferving  from  the  plague,  curing  fevers,  colics,  headaches,  tooth- 
aches, fore  eyes,  pleurifies,  (for  which  ufe  he  faith  his  country- 
women of  Denmark  keep  fnow-water  gathered  In  March,)  alfo 
in  prolonging  life  (of  which  he  Inftanceth  in  the  Alpine  inhabit- 
ants, that  live  to  a great  age)  and  preferving  dead  bodies  ; in- 
ftances  of  which  he  gives  in  perfons  burled  under  the  fnow  in 
palling  the  Alps,  which  are  found  uncornipted  in  the  fummer, 
when  the  fnow  Is  melted  ; which  fad  fpeftacle  he  himfelf  was  an 
eye-witnefs  of.  And  at  SpUzherg  in  Greenland,  dead  bodies  re- 
•maln  entire  and  uncorrupted  for  thirty  years.  And  laftly,  con- 
cerning fuch  as  are  fo  prefei-ved  when  llain,  he  faith  they  re- 
main in  the  fame  pollure  and  figure : of  which  he  gives  this 
odd  example.  Vifum  id  extra  urbem  nojlram  [Hafniam^  quum, 
II  Feb.  1659,  oppugnantes  hojles  repellerentur,  magndque  jlrage 
occumberent ; alii  enim  rigidi  iratum  vultum  ojlendebant,  alii  oculos 
elatos  ; alii  ore  diduSo  ringentes,  alii  brachiis  extenjis  gladium  minari, 
alii  alio  fitaprojlrati  jacebant. — “ That  was  feen  without  the  walls 
of  our  city  (Copenhagen),  when,  on  the  iith  February'  1659, 
the  befiegers  were  repulfed  and  cut  to  pieces  with  great  llaughtcr. 
Some  of  the  ftiffened  bodies  of  the  dead  exhibited  flill  an  angry 
countenance  ; fome  had  their  eyes  lifted  up  ; fome  grinned  with 
their  extended  mouths  ; others  with  outllretched  arms  brandifiied 
their  fwords  ; fome,  in  fhort,  lay  in  one  pollure,  and  fome  in  an- 
• other.” — Barthol.  de  Ufti  Niv.  c.  12. 

But  although  fnow  be  attended  with  tlie  elTetls  here  named, 
and  others  fpecified  by  the  learned  Bartholin  ( yet  this  is  not  to- 
be  attributed  to  any  peculiar  virtue  in  the  fnow,  but  fome  other 

caufe. 
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and  confider  the  abfolute  neceflity  thereof  to  many 
ufes  of  our  globe^  and  its  great  convenience  to  the 

whole ; 

caufe.  ' Thus  when  It  Is  fald  to  fruBify  the  earth,  It  d6th  fo  by 
guarding  the  com  or  other  vegetables  againfl;  the  Intenfer  cold 
of  the  air,  efpeclally  the  cold  piercing  winds ; which  the  huf- 
bandmen  obferve  to  be  the  moft  injurious  to  their  corn  of  all 
weathers.  So  for  conserving  dead  bodies.  It  doth  it  by  conftl- 
patlng  fuch  bodies,  and  preventing  all  fuch  fermentations  Or  In- 
ternal conflitfs  of  their  particles,  as  would  produce  corruption. 

Such  an  example  as  the  preceding  Is  faid  to  have  happened 
fome  years  ago  at  Paris,  in  digging  In  a cellar  for  fuppofed 
hidden  treafure ; in  which,  after  digging  fome  hours,  the  maid 
going  to  call  her  mafter,  found  them  all  in  their  digging  poftures, 
but  dead.  This  being  noifed  abroad,  brought  In  not  only  the 
people,  but  magiftrates  alfo,  who  found  them  accordingly  ; Ille 
qui  ligone  terrain  effoderat,  focius  qui  paid  ejfojfam  terrain  remo- 
verat,  amho  pedilus  Jlabant,  qua/i  fuo  quifque  operi  ajjrxus  incuhnijjet ; 
uxor  unius  quaft  ah  opere  dcfejfa  in  fcamno,  folicito  quodam  vultu,  fe^ 
debat,  inclinato  in  palmam  mantis  genibus  innitentis  capite ; puerulus 
laxatis  bratcis  in  margine  excavate  fovea  dejixis  in  terram  oculis 
alvum  exonerabat  ; omnes  in  naturali Jitu,  carnea  tanquam  Jlatua  ri- 
gidi,  apertis  oculis  £3"  vultu  vitam  quqji  refpirante,  examines  Jlabant.— 
“ He  that  was  digging  the  earth  with  a fpade,  and  his  com- 
rade who  was  removing  it  with  a (hovel,  both  ftood  on  their  feet, 
as  If  Intent  upon  thel’r  work.  The  wife  of  one  of  them,  to  ap- 
pearance tired  with  working,  was  fitting  on  a bench  with  an 
anxious  countenance,  leaning  her  head  againft  the  palm  of  her 
hand,  her  arm  retting  on  her  knees  ; a little  boy  with  his  breeches 
down,  fat  In  a corner  of  the  cellar  eafing  himfelf,  his  eyes  fixed 
on  the  ground  : all  remained  in  their  natural  potture,  dead  and 
ftiff,  like  fo  many  ftatues  of  flefh,  with  their  eyes  open,  -and  with 
the  faces  of  people  apparently  alive.” — Dr.  Bern.  Connor,  Dif- 
Jert.  Med.  Phyf.  p.  15, 

The  doftor  attributes  all  this  to  cold ; but  I fcarce  think 
there  could  be  cold  enough  to  do  all  this  at  Paris,  and  in  a cellar 
too.  But  hisfollowing  ftorles  are  not  improbable,  of  men  and  cattle 
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whole ; and  in  a word,  that  it  anfwereth  all  the 
ends  and  purpofes  that  we  can  fuppofe  there  can  be 
for  fuch  an  appendage  : who  can  but  own  this  to  be 
the  contrivance,  the  work  of  the  great  Creator  ? 
Who  would  ever  fay  or  imagine  fuch  a body,  fo  dif- 
ferent from  the  globe  it  ferves,  could  be  made  by 
chance,  or  be  adapted  fo  exaftly  to  all  thofe  fore- 
mentioned  grand  ends,  by  any  other  efficient  than 
by  the  power  and  wifdom  of  the  infinite  God! 
Who  would  not  rather,  from  fo  noble  a work, 
readily  acknowledge  the  workman  (c),  and  as  eafily 

conclude 

killed  with  cold,  that  remained  in  the  very  fame  pollure  in  which 
they  died;  of  which  he  gives,  from  a Spant/h  captain, this  inftance, 
that  happened  two  years  before,  of  a foldier  who  unfortunately 
ftraggled  from  his  company  that  were  foraging,  and  was  killed 
with  the  cold,  but  was  thought  to  have  fallen  into  the  enemy’s 
hands.  But  foon  after  their  return  to  their  quarters,  they  faw 
their  comrade  returning,  fitting  on  horfeback,  and  coming  to  con- 
gratulate him,  found  him  dead,  and  that  he  had  been  brought 
thither  In  the  fame  pofture  on  horfeback,  notwithftanding  the 
jolting  of  the  horfe.  Ibid.  p.  18. 

(^)  Of  this  opinion  was  my  late  moft  Ingenious  and  learned 
friend,  Mr.  Ray.,  whofe  reafons  fee  in  his  Phyftco-Theolog.  Dif- 
courfes,  Difc.  2.  c.  2.  p.  89,  Isfc.  So  alfomynolefs  learned  and 
ingenious  friends.  Dr.  Halley  and  the  late  Dr.  Hooh,  many  of 
the  French  virtuofo’s  alfo,  and  divers  other  very  confiderable  men 
before  them,  too  many  to  be  fpecified  here. 

(^)  An  Polychtum  quidem  admirabimur  propter  partium Jlatiue-— 
convenientiam  at  proportionem  ? Naturam  autem  non  modi  non  lau- 
dabimus,  fed  omni  etiam  ai-ie  privabimus,  qua  partium  proportionem 
non  folum  estrinfecus  more  Jlatuariorum,  fed  in  prof  undo  etiam  ferva- 
vit  ? Nonne  (A  Polyclelus  ipfe  Naiura  ejl  imitator,  in  quibus  faltem  earn 
potuit  imitari  ? Potuit  autem  in  foils  esternis  partihus  in  quibus  artem 
cortftderavU.  With  much  more  to  the  like  purpofc  “ Shall 
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conclude  the  atmofphere  to  be  made  by  God,  as  an 
inftrument  wrought  by  its  power,  any  pneumatic 
engine,  to  be  contrived  and  made  by  man ! 

we  admire  the  art  of  Polycletus  for  the  excellent  proportions  and 
aptitude  of  the  parts  in  his  ftatues  ? And  /hall  we  not  only  refufe 
our  admiration,  but  even  deny  all  art  or  contrivance  to  Nature, 
who  in  her  works,  hath  not  only  preferved  with  the  Ikill  of  a 
llatuary  the  external  proportions,  but  fafliioned  them  likewife 
fo  exquifitely  within  ? Is  not  Polycletus  himfclf  but  an  imita- 
tor of  Nature,  and  in  thofe  points  alone,  in  which  ihe  can  be  imi- 
tated ? for  he  could  imitate  her  only  in  thofe  external  parts*,  in 
which  her  ingenuity  was  open  to  view.”— de  Uf.  Part. 
1.  17.  c.  I. 
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Of  Light. 

^HUS  much  for  the  firft  thing  minifl-ering  to  the 
terraqueous  globe,  the  atmofphere  and  its  me- 
teors ; the  next  appendage  is  light  {d).  Concernmg 
whkh,  I have  in  my  furvey  of  ^the  heavens  {V) 
Ihewed  what  admirable  contrivances  the  infinitely 
wife  Creator  hath  for  the  affording  this  noble,  glo- 
riousj  and  comfortable  benefit  to  other  globes,  as 
well  as  ours  ; the  provifion  he  hath  made  by  moons, 
as  well  as  by  the  fun,  for  the  communication  of 
it. 

(/z)  It  is  not  worth  while  to  enumerate  the  opinions  of  the 
jiriftotelians,  Cartefans,  and  others,  about  the  nature  of  light, 
Ariftotle  making  it  a quality  ; Cartes  a pulfion,  or  motion  of  the 
globules  of  the  fecond  element.  Vide  Cartes  Princlp.  p,  3. 
fedl.  55,  fs’r.  But  with  the  modems,  I take  light  to  confill  of 
material  particles,  propagated  from  the  fun,  and  other  luminous 
bodies,  not  inftantaneoufly,  but  in  time,  according  to  the  notes 
following  in  this  chapter.  But  not  to  infift  upon  other  argu- 
ments for  the  proof  of  it,  our  noble  founder  hath  proved  the  ma- 
teriality of  light  and  heat,  from  aftual  experiments  on  lilver,  cop- 
per, tin,  lead,  fpelter,  iron,  tutenage,  and  other  bodies,  expofed 
(both  naked  and  clofely  flrut  up)  to  the  fire:  all  which  were 
conftantly  found  to  receive  an  increment  of  weight.  I wiih  he 
could  have  met  with  a favourable  feafon  to  have  tried  his  experi- 
ments  with  the  fun-beams  as  he  intended.  Fide  Boyle’j  Exp.  to 
make  Fire  and  Flame  ponderable. 

(b)  AJlro-Tkeol,  b.  7. 
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And  now  let  us  briefly  confider  the  great  necef- 
fity  and  ufe  thereof  to  all  our  animal  world.  And 
this  we  (hall  find  to  be  little  lefs  than  the  very  life 
and  pleafure  of  all  thofe  creatures.  For  what  be- 
nefit w’ould  life  be  of,  what  pleafure,  what  comfort 
would  it  be  for  us  to  live  in  perpetual  darknefs  ? 
How  could  we  provide  ourfelves  with  food  and  ne- 
ceflaries  ? How  could  we  go  about  the  leaft  bufmefs, 
correfpond  with  one  another,  or  be  of  any  ufe  in  the 
world,  or  any  creatures  be  the  fame  to  us,  without 
light,  and  thofe  admirable  organs  of  the  body,  which 
the  great  Creator  hath  adapted  to  the  perception  of 
that  great  benefit  ? 

But  now  by  the  help  of  this  admirable,  this  firfl- 
made  (t),  becaufe  mod  neceflTary,  creature  of  God  j 
by  this,  I fay,  all  the  animal  world  is  enabled  to  go 
here  and  there,  as  their  occafions  call  j they  can 
tranfacl  their  bufmefs  by  day,  and  reffefh  and  re- 
cruit themfelves  by  night  with  reft  and  fleep. 
They  can  with  admiration  and  pleafure  behold  the 
glorious  works  of  God ; they  can  view  the  glories 
of  the  heavens,  and  fee  the  beauties  of  the  flowery 
fields,  the  gay  attire  of  the  feathered  tribe,  the  ex- 
quifite  garniture  of  many  quadrupeds,  infers,  and 
other  creatures ; they  can  take  in  the  delightfome 
landfcapes  of  divers  countries  and  places  ; they  can 
with  admiration  fee  the  great  Creator’s  wonderful 
art  and  contrivance  in  the  parts  of  animals  and  ve- 

(t)  And  God  faidy  Let  there  be  ligbty  and  there  was  light. 

Gen.  i.  3. 
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getables : and,  in  a word,  behold  the  harmony  of 
this  lower  world,  and  of  the  globes  above,  and 
furvey  God’s  exquifite  workmanfliip  in  every 
creature  *. 

To  all  which  I might  add  the  improvements 
which  the  fagacity  of  men  hath  made  of  this  noble 
creature  of  God,  by  the  reffaflions  and  reflections 
of  glaflTes.  But  it  would  be.endlefs  to  enumerate  all 
its  particular  ufes  and  benefits  to  our  world. 

But  before  I leave  this  point,  there  are  two  things 
concerning  light,  which  will  deferve  an  efpecial  re- 
mark ; and  that  is,  its  fwift  and  almofl  infliantaneous 
motion,  and  its  vafl  extenfion. 

I.  It  is  a very  great’ aft  of  the  providence  of  God, 
that  fo  great  a benefit  as  light' is,  is  not  long  in  its 
paflfage  from  place  to  place.  For  was  the  motion 
thereof  no  fwifter  than  the  motion  of  the  fuifteft. 
bodies  on  earth,  fuch  as  of  a bullet  out  of  a great 
gun,  or  even  of  a found  (<i),  (which  is  the  fwifteft 

motion 

It  may  not  be  ungrateful  to  the  curious,  to  take  notice  of 
the  velocity  of  thefe  two  things. 

According  to  the  obfervations  of  Merfennus,  a bullet-ihot  out 
of  a great  gun,  flies  92  fathom  in  a fccond  of  time,  (vide  Merfen. 

Banjt.) 


* The  green  colour  of  plants  depends  entirely  on  the  fun’s 
light  being  allowed  to  fliine  upon  them,  for  when  growing  in  a 
dark  place  they  arc  pcrfeftly  white.  An  experiment  has  like- 
wife  been  tried  whether  a conftant  and  ftrong  light  from  a great 
number  of  lamps,  kept  continually  burning,  might  not  have  the 
fame  effedl  as  the  day-light,  but  the  plants  remained  quite  co- 
lourlcfs  as  thofc  groreung  in  the  dark.  Editor. 
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motion  we  have  next  light,)  in  this  cafe  light 
would  take  up,  in  its  progrefs  from  the  fun  to  us, 
above  thirty-two  years,  at  the  rate  of  the  firft  ; and 
above  feventeen  years,  at  the  rate  of  the  latter 
motion. 

The  inconvenlencies  of  which  would  be,  its 
energy  and  vigour  would  be  greatly  cooled  and 
abated ; its  rays  would  be  lefs  penetrant ; and  dark- 
nefs  would  with  greater  difficulty  and  much  flug- 
giffinefs  be  diffipated,  efpecially  by  the  fainter 
lights  of  our  fublunary  luminous  bodies.  But  pair- 
ing with  fuch  prodigious  velocity,  with  nearly  the 
inflantaneous  fwiftnefs  of  almoft  two  hundred  thou- 
fand  Engl'iJ})  miles  in  one  fecond  of  time  (Oj  of 

(which 

Balijl.')  which  is  equal  to  589  Engltjh  feet  and  a half,  and  ac- 
cording to  the  computation  of  Mr.  Huygens,  it  w'ould  be  25 
years  in  palling  from  the  earth  to  the  fun.  But  according  to 
my  own  obfervations  made  with  one  of  her  late  Majefty’s 
fakers,  and  a very  accurate  pendulum-chronometer,  a bullet,  at 
its  firft  difcharge,  flies  510  yards  in  five  half  feconds,  -which  is 
a mile  in  a little  above  17  half  feconds.  And  allowing  the 
fun’s  diftance  to  be,  as  in  the  next  note,  a bullet  would  be  32 
years  and  a half  in  flying,  with  its  utmoft  velocity,  to  the 
fun. 

As  to  the  velocity  of  found,  fee  look  4.  chap.  3.  note  28,  ac- 
cording to  which  rate  there  mentioned,  a found  would  be  near 
17  years  and  a half  in  flying  as  far  as  the  diftance  is  from  the 
earth  to  the  fun.  Confer  here  the  experiments  of  the  Acad, 
del  Cimcnl.  p.  140,  lAc. 

{e)  Mr.  Romer’%  ingenious  hypothefis  about  the  velocity  of 
light,  hath  been  eftablilhed  by  the  Royal  Academy,  and  in  the 
Olfervatory  ior  eight  years,  as  our  P/j;7.  136,  oh- 

ferve  from  the  Journ.  des  Scavans  ; our  moft  eminent  aftrono- 
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(which  is  the  fame  thing)’being  but  about  feven  or 
eight  minutes  of  an  hour  in  coming  from  the  fun 
to  us,  therefore  with  all  fecurity  and  fpced,  we  re- 
ceive the  kindly  effects  and  influences  of  that 
noble  and  ufeful  creature  of  God. 

2.  Another  thing  of  great  conflderation  about 
light  is,  its  vafl;  expanfion,  its  almoft  incompre- 
henfibie  and  inconceivable  extenfion,  which,  as  a 
l^te  ingenious  author  (y)  faith,  “ Is  as  boundlefs 

and  unlimited  as  the  univerfe  itfelf,  or  the  ex- 
“ panfum  of  all  material  beings : the  vaftnefs  of 
‘‘  which  is  fo  great,  that  it  exceeds  the  comprehen- 

mers  alfo  in  England  admit  it ; but  Dr.  Hooh  thinks  with  Mon- 
fleur  Cartes,  the  motion  of  light  inftantaneous,  HooEs  Pojl. 
Works,  p.  77.  And  this  he  endeavours  to  explain,^.  130,  £ffe. 

What  Mr.  RomePs  hypothefis  is,  may  be  feen  in  the  Phil. 
’Tranf.  before  cited ; as  alfo  in  the  before- commended  Sir  Ifaac 
ETeivtoEs  Optics : Light  is  propagated  from  luminous  bodies  in 
time,  and  /pends  about  feven  or  eight  minutes  of  an  loour  in  pqfittg 
from  the  fun  to  t/oe  earth.  This  •was^frjl  obferved  by  Romer,  and 
then  by  ot/jers,  by  means  of  the  eclipfes  of  the  fateUites  of  Jupiter. 
For  thefe  ecUpJes,  when  the  earth  is  between  the  fun  and  Jupiter, 
happen  about  feven  or  eight  minutes  fooner  than  they  ought  to  do  by 
the  tables  } and  when  the  earth  is  beyoiid  the  fun,  they  happen  about 
Jeveu  or  eight  minutes  later  than  they  ought  to  do  : the  reafon  being, 
that  the  light  of  the  fateUites  hath  farther  to  go  in  the  latter  cafe 
than  in  the  former,  by  the  dianuler  of  the  earth's  orbit.  Newt. 
Opt.  1.  2.  part  3.  prop.  ii. 

Now  forafmuch  as  the  diftancc  between  the  fun  and  the 
earth  (according  to  the  computations  in  my  AJlro-Fheology, 
h.  1 . ch.  3.  note  2. ) is  86,05  ^ >39^  Englifb  miles  ; therefore,  at  the 
rate  of  feven  minutes  and  a half,  or  450  feconds,  in  palling 
from  the  fun,  light  will  be  found  to  fly  above  191,225  miles  m 
one  fecond  of  time. 

( f)  Dr.  Hook's  Pofthumous  Works,  Led.  of  Light,  p.  76. 
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“ fions  of  man’s  underflanding.  Infomuch,  that 
very  many  have  afferted  it  abfolutely  infinite, 

“ and  without  any  limits  or  bounds.” 

And  that  this  noble  creature  of  God  is  of  this 
extent  (^),  is  manifeft  from  our  feeing  fome  of  the 
fartheft  diftant  objefts,  the  heavenly  bodies,  fome 

(^)  For  the  proof  of  this  vail  extent  of  light,  I lhall  take 
the  computation  of  the  fame  great  man,  /.  77.  If,  faith  he, 
lue  confider  frjl  the  vaft  dijlance  between  us  and  the  fun,  which, 
from  the  lejl  and  latejl  obfervations  in  afronomy,  is  * judged  to  be 
about  10,000  diameters  of  the  earth,  each  of  which  is  about  7925 
Engliflr  7ni/es  ; therefore  the  fun’s  dijlance  is  7,92?, 060  miles  ; and 
if  we  conftder,  that,  according  to  the  obfervations  which  I publifhed 
to  prove  the  motion  of  the  earth,  (which  were  obfervations  of  the 
parallax  of  fome  of  the  fixed  liars  in  the  head  of  Draco  made 
in  1699,)  the  whole  diameter  of  the  orb,  viz.  20,000,  made  the 
fubtenfe  but  of  one  minute  to  one  of  the  fxed  Jlars,  which  cannot 
therefore  be  lefs  dijlant  than  3438  diameters  of  this  great  orb,  and 
confequently  68,760,000  diameters  of  the  earth  : and  if  this  Jlar  be 
one  of  the  nearejl,  and  that  the  Jlars  that  are  of  one  degree  lejfer  in 
magnitude  ( I mean  not  of  the  fecond  magnitude,  becaufe  there  may  be 
many  degrees  between  thefirjl  and  fecond)  be  as  much  farther;  and 
another  fort  yet  fmaller  be  three  times  as  far  ; and  a fourth  four 
times  as  far,  and  fo  onward,  pojfibly  to  fome  1 00  degrees  of  magni- 
tude, fuch  as  may  he  difeovered  by  longer  and  longer  telefcopes,  ''that 
they  may  be  1(00  times  as  far  ; then  certainly  this  material  expanfton, 
a part  of  which  we  are,  mujl  he  fo  great,  that  it  will  inf nitely  ex- 
ceed our  fallow  conception  to  imagine.  Now,  by  what  I Iqjl  men- 
itoned,  it  is  evident,  that  light  extends  itfelf  to  the  utmo/ imagin- 
able parts,  and  by  the  help  of  telefcopes  we  colleB  the  rays,  and  ' 
make  them  fenfihle  to  the  eye,  which  are  emitted  from  fome  of  the 
almof  inconceivably  remote  ohjeds,  8cc.-Nor  is  it  only  the  great 
body  of  the  fun,  or  the  vaf  bodies  of  thefxedfars,  that  are  thus 
able  to  dtfperfe  the  light  through  the  vaf  expat fum  of  the  univerfe  - 
but  the  fmallef  fparle  of  a lucid  body  muf  do  the  very  fame  thinL 
even  the  fmallef  globule  f ruck  from  a feel  by  a fint,  &c. 
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with  our  naked  eye,  fome  with  the  help  of  op- 
tical inflruments,  and  others  in  all  probability  far- 
ther and  farther,  with  better  and  better  inftru- 
ments  : and  had  we  inftruments  of  power  equiva- 
lent to  the  extent  of  light,  the  luminous  bodies  of 
the  utraoft  parts  of  the  univerfe  would,  for  the 
fame  reafon,  be  vifible  too. 

Now  as  light  is  of  greateft  ufe  to  empower 
us  to  fee  objefts  at  all,  fo  the  extenfion  thereof  is 
no  lefs  ufeful  to  enable  us  to  fee  objefts  afar  off. 

• By  which  means  we  are  afforded  a ken  of  thofe 
many  glorious  works  of  the  infinite  Creator,  vifible 
in  the  heavens,  and  can  improve  them  to  fome  of 
the  nobleft  fciences,  and  moft  excellent  ufes  of 
our  own  globe. 
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•'  CHAP.  V. 

Of  Gravitf 

'T'HE  laft  thing  fubfervient  to  our  globe,  that 
I (hall  take  notice  of,  is  Gravity  {a)  ; or,  that 
tendency  which  bodies  have  to  the  centre  of  the 
earth. 

la 

(a)  That  there  is  fiich  a thing  as  Gravity,  is  manifeft  fx-om 
• its  effedls  here  upon  earth  ; and  that  the  heavenly  bodies  attra(^ 
or  gravitate  to  one  another,  when,  placed  at  due  diitances.  Is 
made  highly  probable  by  Sir  Ifaac  Nevuion.  This  attracElive  or 
gravitating  power,  I take  to  be  congenial  to  matter,  and  im- 
printed on  all  the  matter  of  the  univerfe  by  the  Creator’s  fat 
at  the  creation.  What  the  caufe  of  it  is,  the  N£<wtoman  Phlh^ 
fophy  doth  not  pretend  to  determine  for  want  of  phaenomexra, 
upon-whlch  foundation  It  is  that  that  philofophy  is  grounded, 
and  not  upon  chimerical  and  uncertain  hypothefis ; but  what- 
ever the  caufe  is,  that  caufe  penetrates  even  to  the  centres  of  the  fits. 
<md  planets,  ’without  any  diminution  of  its  virtue  ,*  and  it  a8etb  not 
according  to  the  fuperfeies  of  bodies,  ( as  mechanical  caufes  do,)  hut 
in  proportion  to  the  quantity  of  their  foUd  matter  : and  laftly,  it 
aEUth  all  round  it  at  immenfe  di/lances,  decreafing  in  duplicate  pro^ 
portion  to  thofe  diflances,  as  Sir  Ifaac  Ne’wton  faith,  Princip.  pag. 
ult.  What  ufeful  deduftions,  and  w'hat  a rational  philofophy, 
have  been  drawn  from  hence,  may  be  feen  in  the  fame  book. 

This  attraftion,  or  gravity,  as  its  force  is  in  a certain  pro- 
portion, fo  it  makes  the  defeent  of  bodies  to  be  at  a certain  rate. 
^ And  was  it  not  for  the  refillance  of  the  medium,  all  bodies 
would  defeend  to  the  earth  at  the  fame  rate  ; the  llghteft  down, 
as  fwiftly  as  the  heavieft  mineral : as  Is  manifeft  in  the  airfump, 
m which  the  lighteft  feather,  dull,  Csfc.  and  a piece  of  lead, 
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In  my  A/iro-Theology^  book  6.  ch.  2.  I have 
fiiewn  of  what  abfolute  neceflity,  and  what  a 
noble  contrivance  this  of  gravity  is,  for  keeping 

the 

drop  down  feemingly  in  .the  fame  time,  from  the  top  to  the 
bottom  of  a tall  exhaufted  receiver. 

The  rate  of  the  defcent  of  heavenly  bodies,  according  to 
Galihto,  Mr.  Huyghcns,  and  Yir.  Halley  (after  them)  is  16  feet 
one  inch  in  one  fecond  of  time ; and  in  more  feconds,  as  the 
fquares  of  thofe  times.  But  in  fome  accurate  experiments  made 
in  St.  Paul’s  dome,  June  1710,  at  the  height  of  220  feet, 
the  defcent  was  fcarcely  14  feet  in  the  firft  fecond.  The  expe- 
riments were  made  in  the  prefence  of  fome  very  confiderable 
members  of  the  Royal  Society,  by  Mr.  Haivhjhee,  their  ope- 
rator, with  glafs  hollow  balls,  fome  empty,  fome  filled  with 
quickfilver,  the  barometer  at  297,  the  thermometer  60  degrees 
above  freezing.  The  weight  of  the  balls,  their  diameters,  and 
time  of  the  defcent,  is  in  this  table. 


Balls  filled  with  quickfilver. 

Empty  balls. 

Weight. 

Diameter. 

Time. 

Weight,  j 

Diameter. 

Time. 

Grains. 

I'enth.  inch. 

Half  Seconds. 

Grains. 

Inch.  1 Tenth. 

Half  Seconds. 

90S 

8 

8 

510 

5 

1 

17 

993 

8 

8 lefs. 

641 

S 

a 

16 

866 

8 

8 

599 

5 

I 

16 

■ 747 

7 & half 

8 more. 

5'S 

5 nearly 

16  & half 

8o8 

7 & half 

8 

483 

5 nearly 

17 

784 

7 & half 

8 more. 

641 

5 

1 2 

^6 

The  reafon  why  the  heavy,  full  balls  fell  in  half  the  time 
of  the  hollow  ones,  was  the  refiftance  of  the  air  : which  refift- 
anCe  is  very  ingenioufly  and  accurately  affigned  by  Dr.  U'allis, 
in  Phtlof.  Tranf.  No.  1 86.  And  the  caufe  of  the  refiftance  of 
all  fluids  (as  Sir  IJaac  Neiuton,  Opt.  Q^zo.)  is  partly  fiom 
the  frinion  of  the  parts  of  the  fluid,  partly  from  the  inertia 
thereof.  The  refiftance  a fpherical  body  meets  with  from  fric- 
tion, is  as  the  right  angle  under  the  diameter,  and  the  velocity 
of  the  moving  body  : and  the  refiftance  from  the  vis  inetiu,  ii 
as  thefquare.of  that  p'rodiuft. 
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the  feveral  globes  of  the  univerfe  from  Ihattering 
to  pieces,  as  they  evidently  mull  do  in  a little  time, 
by  their  fwift  rotation  round  their  own  axes  (b). 
The  terraqueous  globe  particularly,  which  clrcum- 
volves  at  the  rate  of  above  looo  miles  an  hour(c), 

would. 

For  a farther  account  of  the  properties  and  proportions,  Effr. 
of  Gravity,  in  the  fall  or  projeftion  of  bodies,  I fhall  refer  to 
the  larger  accounts  of  Gfllilans,  Torrkel/ius,  Huygens,  Sir  If^uie 
Newton,  &c.;  or  to  the  diorter  accounts  of  Dr.  Halley,  in  Phtlo- 
Joph.  Tratif.  abridged  by  Mr.  Lowihorp,  vol.  i.  p.  561  ; or  Dr. 
Clarke,  in  his  notes  on  Rohault.  Phyf.  2.  c.  28.  fefl.  13,  16. 
And  for  the  refiftance  of  fluids,  I refer  to  Dr.  Wallis,  before 
cited,  and  the  Hd.  Erudit.  Lipf.  May  1693,  where  there  is  a 
way  to  find  the  force  of  mediums  upon  bodies  of  difFerent 
figures. 

{b)  That  the  heavenly  bodies  move  round  their  own  axes,  is, 
beyond  all  doubt,  manifeft  to  our  eye,  in  fome  of  them,  from 
the  fpots  vifible  on  them.  The  fpots  on  the  fun  (eafily  vifible 
with  an  ordinary  glafs)  do  manifeft  him  to  revolve  round  his 
own  axis  in  about  25  days  and  a quarter.  The  fpots  on 
Jupiter  and  Mars  prove  thofe  two  planets  to  revolve  alfo  from 
eaft  to  weft,  as  Dr.  Hook  difeovered  in  1664  ^^d  1665.  And 
Venus  alfo  (although  near  the  ftrong  rays  of  the  fun)  hath, 

from  fome  fpots,  been  difeovered  by  Mr.  in  1666  and 

1667,  to  have  a manifeft  rotation.  Vide  Lowthorp’s  Ahidg. 
vol.  i.  p.  382,  and  423,  425.  And  fuch  uniformity  hath  the 
Creator  oUerved  in  the  works  of  nature,  that  what  is  obfervabic 
in  one,  is  generally  to  be  found  in  all  others  of  the  fame  kind. 
So  that  fince  it  is  manifeft  the  fun,  and  three  of  his  planets 
whirl  round,  it  is  very  reafonable  to  conclude  all  the  reft  do  fo 
too  j yea,  every  globe  of  the  Univerfe. 

(c)  The  earth’s  circumference  being  25,031  miles  and  a half 
{according  to  II.  Cbap.  2.  Note  (a),  if  we  divide  that  into 
24  hours,  we  fiiall  find  the  motion  of  the  earth  to  be  nea- 
10.^3  miles  in  an  hour.  Which,  by  the  bye.  is  a far  more  rea- 
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would,  by  the  centrifugal  force  of  that  motion,  be 
foon  diflipated  and  fpirtled  into  the  circumambient; 
fpace,  was  it  not  kept  together  by  this  noble  con- 
trivance of  the  Creator,  this  natural  inherent  power, 
namely,  the  power  of  attraflion  or  Gravity. 

And  as  by  this  power  our  globe  is  defended 
againft  diffipation,  fo  all  its  parts  are  kept  in  their 
proper  place  and  order.  All  material  things  do 
naturally  gravitate  thereto,  and  unite  themfelves 
therewith,  and  fo  preferve  its  bulk  entire  (d).  And 


fonablc  and  lefs  rapid  rate  than  that  of  the  fun  would  be,  if 
we  fuppofe  the  earth  to  Hand  ftill,  and  the  fun  to  move  round 
the  earth.  For  according  to  the  proportions  in  note  (^)  of 
the  preceding  chapter,  the  circumference  of  the  magnus  orhis 
is  540,686,2.25  Engli/b  miles,  which  divided  by  24’hours,  gives 
22,528,364  miles  in  an  hour.  But  what  is  this  to  the  rapidity 
of  the  fixed  liars,  if  we  fuppofe  them,  not  the  earth,  to  move  I 
Which  is  a gootLargument  for  the  earth’s  motion. 

i^d)  Nihil  majus,  quam  qt/od  ila  Jlahilis  ejl  mundus,  atque  it  a 
coharet  ad permanenduni,  ut  nihil  lie  excogitari  quidetn  pojftt  aptius. 
Omnes  etiim  partes  ejus  undique  medium  locum  capeJ]entcSf  nituntur 
aqualiter : maxime  autem  corpora  inter  fe  junda  permanent y cum 
quodam  quaft  vinculo  circumdata  colUgantur : quod  facit  ea  naturoy 
qua  per  omnem  mundumy  omnia  mentcy  £5*  ratione  conjiciensy  funditury 
Ifp  ad  medium  rapity  iff  convertit  extrema. — “ This  world  is  fo 
ftablifhcd,  and  remains  fo  united  by  cohefion,  that  nothing  can 
be  conceived  more  exquilitely  contrived.  For  all  its  parts  have 
an  equal  tendency  towards  the  centre  : and  bodies  remain  united 
by  the  fame  cohelion,  as  if  bound  by  a chain  : all  which  is  cf- 
feftcd  by  Nature,  wliich  having  fonncd  every  thing  by  wifdom 
and  intelligence,  and  extending  her  influence  over  all  her  works, 
keeps  the  whole  together  by  inclining  them  towards  the 
centre.”- — Cic.  de  Nat.  Dear,  1.  2.  c.  45. 
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the  fleeting  waters,  the  moil  unruly  of  all  its 
parts,  do  by  this  means  keep  their  conftant  equi- 
poife  in  the  globe  (e),  and  remain  in  that  place 
•which,  the  Pfalmift  faith,  God  had  founded  for 
them;  a hound  he  had  fet,  •which  they  might  not 
pafs ; that  they  turn  not  again  to  cover  the  earth, 
Pfal.  civ.  8,  9.  So,  that  even  in  a natural  way, 
by  virtue  of  this  excellent  contrivance  of  the 
Creator,  the  obfervation  of  the  Pfalmift  is  per- 
petually fulfilled,  Pfal.  Ixxxix.  9.  Thou  rulejt  the 
raging  of  the  fea ; when  the  waves  thereof  arife, 
thou  JiilleJi  them. 

To  thefe,  and  an  hundred  other  ufes  of  Gravity 
that  I might  have  named,  I fliall  only  juft  men- 
tion another  thing  owing  to  it,  and  that  is  Levity  (/), 
that  whereby  what  we  call  light  bodies  fwim,  a 
thing  no  lefs  ufeful  to  the  world  than  its  oppo- 
fite.  Gravity,  is  in  many  refpecls,  to  divers  tribes 

(f)  Eddem  ratione  mare,  cum  fupra  t err  am  ft,  medium  tamen 
terra  locum  expetens,  conglohatur  ztndique  aqualiter,  neque  redundat, 
unquam,  neque  ejfunditur. — “ By  the  fame  law,  the  fea,  al- 
though it  be  above  the  earth,  yet  always  tending  towards  the 
centre  of  the  globe,  forms  equally  a fpherical  furface,  and 
neither  runs  off  nor  overflows.” — Id.  paulo  pof. 

(/)  That  there  is  no  fuch  thing  as  pof  live  levity,  but  that 
Levity  is  only  a lefs  Gravity,  is  abundantly  manifelled  by  the 
acute  Seig.  Alph,  Borelli  de  Mot.  d Grav.  pend.  cap.  4.  See 
alfo  the  annotations  of  the  learned  and  ingenious  Dr.  Clark,  on 
Rohaulti  Phyf.  p.  i.  c.  16.  note  3.  Alfo  the  experiments  of 
the  Acad,  del  Cimcnto,  p.  1 1 8,  &c.  Dr.  Wallises  Difcourfe  of 
Gravity  and  Gravitation  before  the  Royal  Society,  Nov.  12,  1674, 
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of  animals,  but  particularly  ferviceable  to  the  raif- 
ing  up  of  vapours  (g),  and  to  their  conveyance 
about  the  world. 

And  now  from  this  tranfient  view  of  no  other 
than  the  out-works,  than  the  bare  appendages  of 
the  terraqueous  globe,  we  have  fo  manifeft  a fample 


(^)  I have  before  in  note  (a),  ch.  3.  fliewn  what  •vapours 
are,  and  how  they  are  raffed.  That  which  I fhall  here  note,  is 
their  quantity  ; concerning  which,  the  before-commended  Dr. 
Halley  hath  given  us  fome  curious  experiments  in  our  Philofoph. 
ITranf.  which  may  be  met  with  together  in  Mr.  Lowtho^s 
Hbridg.  vol.  fi.  p.  108  and  126.  Monf.  Sedileau  alfo  at  Paris  ob- 
ferved  it  for  near  three  years.  By  all  their  obfervatfons  it  ap- 
pears, that  in  the  winter  months  the  evaporations  are  leaft,  and 
greateft  in  fummer,  and  moft  of  all  in  windy  weather.  And 
by  Monf.  Sedileau'^  obfervatfons  it  appears,  that  what  is  raffed 
by  vapours,  exceeds  that  which  falleth  in  rain.  In  the  feven 
laft  months  of  the  year  1688,  the  evaporations  amounted  to  22 
inches  five  lines ; but  the  rain  only  to  t o inches  fix  lines  one-third : 
in  1689,  the  evaporations  were  32  inches  10  fines  and  half ; but 
the  rain  18  inches  one  line : in  1690,  the  evaporations  30  inches 
1 1 lines  ; the  rain  2 1 inches  one-third  of  a fine. — Vide  Mem.  de 
Math.  Phyf.  Ann.  1692,  p.  25.  * 

If  it  be  demanded,  what  bbcpmes  of  the  overplus  of  exhal- 
ations that  defcend  not  in  rain  ? I anfwer,  they  are  partly 
tumbled  down  and  fpent  by  the  winds,  and  partly  defcend  in 
dews,  which  amount  to  a greater  quantity  than  is  commonly 
imagined.  Dr.  Halley  found  the  defcent  of  vapours  in  dews  fo 
prodigious  at  St.  Helena,  that  he  makes  no  doubt  to  attri- 
bute the  origin  of  fountains  thereto.  And  I rayfelf  have 
feen  in  a Hill,  cool  evening,  larger  thick  clouds  hanging, 
without  any  motion  in  the  air,  which  in  two  or  three 
hours  time  have  been  melted  down  by  degrees,  by  the  cold  of 
the  evening,  fo  that  not  any  the  leall  remains  of  them  have 
■been  left. 
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of  the  wifdom,  power,  and  goodnefs  of  the  in- 
finite Creator,  that  it  is  eafy  to  imagine  the  whole 
fabric  is  of  a piece,  the  work  of  at  leaft  a fkilful 
artift.  A man  that  fiiould  meet  with  a palace  (/6) 
befet  with  pleafant  gardens,  adorned  with  ftately 
avenues,  furni/hed  with  well-contrived  aquedufts, 
cafcades,  and  all  other  appendages  conducing  to 
convenience  or  pleafure,  would  eafily  imagine,  that 
proportionable  architedure  and  magnificence  were 
within : but  we  fhould  conclude  the  man  was  out 
of  its  wits  that  fhould  alfert  and  plead,  that  all 
was  the  work  of  chance,  or  other  than  of  feme 
wife  and  fkilful  hand.  And  fo  when  we  furvey  'the 
bare  out-works  of  this  our  globe,  when  we  fee  fo 
vaft  a body,  accoutered  with  fo  noble  a furniture 
of  Air,  Light,  and  Gravity  j with  every  thing,  in 
fhort,  that  is  neceffary  to  the  prefervation  and  fe* 
curity  of  the  globe  itfelf,  or  that  conduceth  to  the 
life,  health,  and  happinefs,  to  the  propagation  and 
mcreafe  of  all  the  prodigious  variety  of  creatures 
the  globe  is  flocked  with ; when  we  fee  nothing 
W'anting,  nothing  redundant  or  frivolous,  nothing 
botching  or  ill-made,  but  that  every  thing,  even  in 
the  very  appendages  alone,  exaaly  anfwereth  all 
its  ends  and  occafions : what  elfe  can  be  concluded, 
but  that  all  was  made  with  manifefl  defign,  and 
that  all  the  whole  flrufture  is  the  work  of  fome 

{h)  See  book  ii.  c.  in.  note  (c). 
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intelligent  Being ; feme  Artifl;  of  power  and  Ml 
equivalent  to  fuch  a work  ? 


Note  on  the  various  ufes  of  the  Electrical  Fluid  in  the 
general  fflem  of  nature. 

Having  remarked  in  a former  note,  (at  p.  30,)  that  at  the  time 
when  our  excellent  author  compofed  thefe  difeourfes,  a very 
few  only  of  the  moft  trifling  phenomena  of  eleftricity  had  been 
difeovered ; and  that  it  was  not  till  towards  the  middle  of  this 
century,  that  the  identity  of  the  eleftric  fluid  with  lightning  was 
afeertained,  fmee  which  time  the  refearches  of  philofophers 
have  fliewn  the  prefence  and  adlive  influence  of  this  fluid  in 
almoft  all  the  phenomena  and  operations  of  nature  ; I fignified 
my  intention  of  exhibiting,  in  one  point  of  view,  the  various 
phenomena  of  the  natural  world  in  which  we  can  difeover  the 
operations  of  the  eleftrical  principle : a detail  material  to  the 
prefent  work,  as  enabling  the  reader  to  con-eel  fome  errone- 
ous opinions  of  the  author,  particularly  in  this  firfl  book, 
which  have  arifen  from  the  comparatively  imperfedl  ftate  of 
certain  branches  of  natural  knowledge  in  his  time,  which  of 
late  have  been  cultivated  with  confiderable  ardour  and  propor- 
tional fuccefs. 

The  experiments  of  Mr.  Saufliire,  M.  Volta,  and  others, 
as  fhortly  enumerated  in  the  Encyclopedia  Britannica,  article 
EkBricity,  Ihew  that  this  principle  is  concerned  in  the  pro- 
dudlion  of  clouds,  rain,  hail,  fnow,  &c.  If  water  Is  evapo- 
rated by  heat,  a great  portion  of  eledlrical  fluid  Is  produced. 
When  vapour  is  condenfed  Into  rain,  a quantity  of  eledlriclty 
is  likewife  produced  ; for  clouds  when  falling  down  in  rain  emit 
the  eledlrlcal  fluid  In  great  quantity,  and  in  proportion  to  the 
mafs  of  water  difeharged,  as  we  obferve  in  thunder  llorms. 
Small  clouds  floating  in  the  atmofphere,  are  often  feen  to  at- 
tradl  each  other  and  fo  meet  together ; after  which,  if  they  have 
been  neaily  of  an  equal  fize,  both  will  almoft  inftantly  vanifli. 
Many  experiments  concur  to  flrew,  that  the  tranfparency  of 
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various  fubftances  depends  on  the  vibratory  motion  of  the  elec- 
tric fluid.  Thus  metals,  wax,  and  other  opaque  fubftances, 
when  the  eledlric  fluid  pervades  them  in  great  quantity,  become 
tranfparent.  In  the  cafe  of  vapour  diffufed  in  the  atmo- 
fphere,  therefore,  as  long  as  this  vibratory  motion  is  conti- 
nued through  it,  the  vapour  remains  diflblved  and  tranfpa- 
rent ; but  when  the  eleftric  fluid  runs ' in  a ftream,  the  va- 
pour lofes  its  tranfparency,  and  appears  in  the  form  it  was 
originally  raifed  by  heat,  viz.  that  of  an  opaque  fmoke  or 
mift.  In  this  form  the  eledric  fluid  begins  to  exert  Its 
attractive  power,  clouds  meet  each  other,  and  reciprocally 
emit  and  receive  the  furcharge  of  fluid  which  they  contain  ; a 
coUIfion  which,  if  violent,  exhibits  the  phenomena  of  thunder 
and  lightning. 

It  is  proved  that  the  eleftric  fluid  and  the  light  of  the  fun 
are  the  fame  ; the  former  being  no  other  than  the  folar  light 
abforbed  by  the  earth,  entangled  among  Its  particles,  and  be- 
coming fubjeft  to  new  laws,  and  afting  in  many  cafes,  as  if  it 
were  a diftinft  fluid.  Hence  as  light  is  the  eleftric  fluid  mov- 
ing in  a vibratory  manner,  and  what  we  call  elediricity  is  the 
fame  fluid  cither  in  a comparatively  ftagnant  ftate,  or  palling 
violently  from  one  place  to  another ; the  light  and  elediricity 
become  antagonifts  to  each  other  : and  as  the  adtion  of  light 
when  augmented  is  heat,  \\\c  formerwhich  oppofes,  i.e.  the  eledlric 
fluid  moving  in  an  pppofite  diredllon,  is  cold  Itfelf.  The  eledlric 
fluid,  therefore,  regulates  the  light  and  heat  of  the  fun 
through  the  whole  fyftem,  and  is  itfelf  regulated  by  them, 
fo  that  neither  heat  nor  cold  can  ultimately  predominate  any 
where. 

The  eledlric  fluid  Is  known  to  produce  earthquakes,  and  to 
hiadle  volcanoes.  It  adls  independent  of  the  air,  and  can- 
not- have  its  motions  controlled  by  it.  A ftream  of  eledlric 
light  cannot  be  turned  afide  by  the  ftrongeft  blaft  of  a bel- 
lows ; but  on  the  contrary,  if  an  attradling  fubftance  is,  pre- 
fented  on  the  other  flde  of  the  blaft,  will  pafs  through  it  as 
if  It  had  met  with  no  oppofition.  As  the  eledlric  fluid, 

therefore,  adls  independent  of  the  air,  and  cannot  have  its 
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motions  controlled  by  it,  it  is  highly  probable,  that  all 
the  motions  of  the  atmofphere  are  controlled  by  this  fluid 
alone. 

Many  experiments  have  (hewn,  that  vegetation  is  promoted 
by  the  eleftric  fluid,  and  obftrufted  by  its  abfence.  The  Abb6 
Bertholon  has  (hewn  various  eafy  methods  of  communicating 
this  fluid  to  vegetables  by  eleftrified  water. 

The  eleftric  fluid  exifts  in  the  bodies  of  all  living'  animals. 
It  was  firll  fenfibly  afeertained  by  the  phenomenon  of  fparks 
ilTuing  from  the  fur  of  a cat,  when  rubbed  with  a warm  hand 
fn  the  dark  ; and  thefe  accompanied  with  a crackling  found. 
Wild  animals,  when  in  purfuit  of  their  prey  in  the  night,  are 
obferved  to  emit  an  eleftric  flafhing  from  their  bodies,  and 
from  their  eyes  ; and  this  light.  Dr.  Prieftley  conjeftures,  may 
aflift  them  in  catching  their  prey.  Mr.  Brydone  remarked 
elcftric  fparks  to  proceed  from  the  hair  of  a young  lady,  when 
combing  in  the  dark  in  frofty  weather ; and  having  defired  one 
lady  to  ftand  on  a cake  of  wax,  and  comb  the  other’s  hair,  who 
was  fitting  in  a chair  before  her ; the  lady  who  flood  on  the 
w^,  as  foon  as  (he  began  to  comb,  darted  out  fparks  of  fire 
all  around  her ; and  from  her  hair  Mr.  Brydone  charged  an 
cleftric  jar.  .Similar  phenomena  of  a yet  more  furprifing  ap- 
pearance are  deferibed  in  a letter  from  Mr.  iEpinus,  profeflTor 
of  the  Imperial  academy  at  St.  Peterfburgh,  to  Dr.  Guthrie, 
puddled  in  the  2d  volume  of  the  Tranfaftions  ^ of  the 
Royal  Society  of  Edinburgh. — The  elecfric  fluid  in  its  moft 
aftive  flate  is  well  known  to  refide  in  two  particular  fpecies 
of  fiflies,  the  Gymnotus  and  the  Torpedo  ; both  of  which  when 
touched  or  even  approached  by  the  hand,  or  by  an  iron  rod 
held  in  the  hand,  give  a very  finart  and  painful  (hock,  which  may 
be  communicated  like  that  from  the  Leyden  phial  to  as  many 
&s  join  hands,  or  aft  fn  contaft  with  each  other.  In  thefe 
animals  this  eleftrical  quality  is  conflantly  prefent,  and  is  an 
inftrument  of  defence  againfl  their  enemies. 

The  phenomena  of  magnetifin  are  known  to  depend  on  elec- 
tricity. Magnetic  needles  may  be  endowed  %rith  their  virtue 
by  artificial  cleftricity,  and  iron  rods  have  been  known  to 
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receive  it  from  lightning;  whence  it  is  reafonable  to  conclude, that 
the  power  of  the  magnet  at  all  times  depends  on  the  fecret  opera- 
tion of  the  eleftric  fluid.  By  extending  its  powers  to  the  pro- 
dudion  of  attraftive  and  repulfive  forces,  in  all  cafes,  which 
we  are  encouraged  to  do  from  many  natural  phenomena,  we 
are  led  to  affign  it  an  agency  in  regulating  even  the  motions 
of  the  planets ; and  we  may  prefume,  that  it  is  this  prin- 
ciple which  gives  liability  and  cohefion,  not  only  to  all  terref- 
trial  fubllances,  but  to  the  globe  of  the  earth  itfelf,  and  all 
other  bodies  in  the  univerfe.  Epitor. 
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BOOK  II. 

Of  the  Terraqueous  Globe  itfelf  in  general. 


|N  the  foregoing  Book  having  difpatched  the  out- 
works, let  us  take  a furvey  of  the  principal  fa- 
bric, “y/z.  the  Terraqueous  Globe  itfelf;  a moft  ftu- 
pendous  work  in  every  particular  of  it,  which  doth 
no  lefs  aggrandize  its  Maker  {a\  than  every  curi- 


ous. 


(^)  Licet  oculis  quodanmodo  contemplari  pulchritudinem 
eorwn  rerum,  quas  Dhind  Providentid  cticmus  conjlitutas.  Ac 
Principio  terra  univerfa  cernatur,  locata  in  medid  mundi  fede,  fo- 
Tida,  iff  globo/a—vejita  Joribus,  herbu,  arboribus,  frugibtts ; 
quorum  omnium  incredibilis  multitudo,  infaiiabili  varietate  diJUngiti- 
iur.  Adde  hue  fontium  gelidas  perennitates,  liquores  perlucidos 
amnium,  rlparum  >vejlitus  veridi/Jimos,  fpeluncarum  concavas  aliiiu- 
dines,  faxorum  afperitaies,  impcndenlium  montium  altitildines , im- 
rnenjitatejque  camporum : adde  etiam  reconditas  auri—venas— 
verb  iff  queim  varia  genera  bejianim  volucrum 

lapfus,  atque  cantus  ? peeudum  paSlus  ?—^}d  de  hominum 

genere  dieam  ? quafi  cidtores  terra  conptuti,  fi, 

ut  anmu,fic  oculis  videre  pojjhmus,  nemo  cunBam  intuens  terram, 

with  our 

-1  P -r  by  the  Di- 

v.ue  Pr  And  ,n  the  firft  place,  let  us  view  the  earth, 

eUl  '".a  o'  fob'd  and  globular 

dad  w,th  flowers,  w,th  herbs,  with  trees  and  fmlts  ; an  lucre- 

multitude,  yet  diltlnguilhed  by  an  endlefs  variety.— 
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ous,  complete  work  doth  its  workmen.  Let  us  caft 
our  e3^es  here  and  there,  let  us  ranfack  all  the 
globe,  let  us  with  the  greateft  accuracy  infpedt 
every  part  thereof,  fearch  out  the  inmoft  fecrets  of 
any  of  the  creatures  ; let  us  examine  them  with 
all  our  gauges,  meafure  them  with  our  riicefl;  rules, 
pry  into  them  with  our  microfcopes,  and  moll  ex- 
quifite  inftruments  (^),  ftill  we  find  them  to  bear 
teftimonyto  their  infinite  Workman  ; and  that  they 
exceed  all  human  Ikill  fo  far,  as  that  the  moll  ex- 
quifite  copies  and  imitations  of  the  bed  artifts  are 

Confider  the  pei*pctual  cooling  fprings,  the  pellucid  rivers,  the 
green  margins  of  the  brooks,  the  profound  caverns,  the  craggy 
rocks,  the  towering  mountains,  and  w'ide-extended  plains.—^ 
Confider  the  internal  treafures  of  the  earth,  the  veins  of  hidden 
gold.  — Examine  the  infinite  vai  iety  o f animals j the  flight  and 
the  fpng  of  birds,  the  food  of,  cattle. — Why  ihould  I add 
the  human  race,  who  are  appointed  to  cultivate  the  earth.  See.  ? 
—Could  we  view  all  thele  wdth  the  eye  of  the  underftand- 
Ing,  as  we  perceive  them  with  the  natural  eye#  there  is  none 
who,  tlius  furveying  the  univerfe,  could  entertain  a doubt  of 
tlte  wifdom  and  intelligence  of  its  Divine  Author. — Cic.  de 
Nat.  Dear.  1.  2.  c.  39. 

(3)  I cannot  here  omit  the  ohfervations  that  have  leen  made  in 
thefe  latter  times' Juice  nue  have  had  the  ufe  and  improvement  of 
the  Microfeope,  concerning  the  great  difference.^  which  by  the  help 
of  that,  doth  appear  betwixt  natural  and  artificial  things.  What- 
ever is  natural,  dot\  by  that  appear  adorned  with  all  imaginable 
elegance  and  beauty. — li'hereas  the  mojl  curious  woris  of  art, 
the  JharpeJl,  JncJl  needle,  doth  appear  as  a blunt,  rough  bar  of 
iron  coming  from  the  furnace  or  the  forge.  'Tin  moj  accurate  en- 
gravings or  cmbcjfments  feem  fuch  rude,  bungling,  deformed  works, 
as  if  they  had  been  done  with  a mattock  or  a trowel.  So  vafi 
a (difference  is  there  betwixt  the  Jktll  of  Nature  and  the  rutUnefs 
and  imperfeSton  of  A.iit.—JljJhop  Wilk.  Nitt.  Rel.  /.  i.  ch.  6. 
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no  other  than  rude  bungling  pieces  to  them.  And 
fo  for  are  we  from  being  able  to  efpy  any  defeft 
or  fault  In  them,  that  the  better  we  know  them, 
the  more  we  admire  them ; and  the  farther  we 
fee  Into  them,  the  more  exquifite  we  find  them 
to  be. 

And  for  a demonftratlon  of  this  I fhall, 

I.  Take  a general  profped  of  the  Terraqueous 
Globe. 

II.  Survey  its  particulars. 

I.  The  things  which  will  fall  under  a general 
profped  of  the  globe,  will  be  its  Figure,  Bulk,  Mar- 
tian, Place,  Di/lribution  Into  earth  and  waters,  and 
the  great  Variety  of  all  things  upon  it  and  in  it. 


^ eo  ] 
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Of  the  Figure  ef  the  Terraqueous  Globe. 

'^HIS  I fuppofe  I may  take  for  granted  to  be  fphe- 
rical,  or  nearly  fo  {a).  And  this  mufl  be  al- 
lowed to  be  the  moft  commodious,  apt  figure  for  a 
world  on  many  accounts ; as  it  is  moft  capacious, 

• 

(fl)  Although  the  terraqueous  globe  ,be  of  an  orbicular 
figure,  yet  it  is  not  ftriclly  fo  : I.  On  account  of  its  hills  and 
vallies.  But  thefc  are  inconfiderable  to  the  earth’s  fenri-diameter ; 
for  they  are  but  as  the  dull  upon  a common  globe.  But,  2. 
Our  modern  aftronomers  alTign  a much  greater  variation  from  a 
globous  form,  namely,  that  of  a prolate  fphseroid,  making  the 
polar  about  34  miles  fhorter  than  the  equatorial  diameter.  The 
caufe  of  \vhlch  they  make  to  be  the  centrifugal  force  of  the  di- 
urnal rotation  of  the  globe. 

This  figure  they  imagine  is  In  yiipiter,  his  polar  being  to  his 
equatorial  diameter,  as  39  three-fifths  to  40  three-fifths.  But 
whether  it  be  fo  or  no,  I confefs  I could  never  perceive,  al- 
though I have  often  viewed  that  planet  through  very  good  and 
long  glalTes,  particularly  a tolerable  good  one  of  72  feet  in  my 
hands:  and  although  by  reafon  of  cloudy  weather,  and  (at 
prefent)  Juptter'%  proximity  to  the  fun,  I have  not  been  of  late 
able  to  take  a review  of  that  planet ; yet  Saturn  (fo  far  as  his 
ring  would  permit)  and  Mars  appear  perfc6fly  round,  through 
M.r,  Huygens's  long  glafs  of  126  feet,  which  by  wIU  he  be- 
queathed, with  its  whole  apparatus,  to  our  R.  S.  by  whofe  fa- 
vour It  is  now  In  my  hands.  And  moreover,  I believe  It  difficult, 
next  to  impoffible,  to  meafure  the  two  diameters  to  a 40th  part, 
by  reafon  of  the  fmaUnefs  of  yupiter's  apparent  diameter,  and  by 
reafon  he  is  moving  .all  the  time  of  meafuring  liira. 

As 
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as  its  furface  is  equi-diftant  from  the  centre,  not 
only  of  the  globe,  but  at  leaft  (nearly)  of  gravity 
and  motion  too,  and,  as  fome  have  thought,  of  the 
central  heat  and  waters.  But  thefe  and  divers 
other  things  I fhall  pafs  over,  and  infill  only  upon 
two  or  three  other  benefits  of  this  globous  figure 
of  the  earth  and  waters. 

As  to  what  is  alleged  from  lengthening  the  pendulums  of 
clocks,  to  make  them  keep  the  fame  time  under  the  equator,  as 
they  do  in  our  climes ; I have  Ihewn  from  the  like  variations  in 
the  air-pump,  that  this  may  arife  from  the  rarity  of  the  air  there, 
more  than  here.  Vide  Phil.  Tranf.  No.  294.  But  if  the  de- 
grees of  a meridian  grow  larger,  the  more  we  go  towards  the 
' line,  (as  Mr.  Cajfini  affirms  they  do,  by  an  Sooth  part  in  every 
degree,  in  Phil.  Tranf.  No.  278.)  then  there  is  great  reafon  to 
conclude  in  behalf  of  this  fphaeroidal  form. 

The  natural  caufe  of  this  fphericity  of  our  globe,  Is  (ao- 
cordlng  to  Sir  Ifaac  Newton’ % principles)  that  atlraSlion  which 
the  Infinite  Creator  hath  ftamped  on  all  the  matter  of  the  unl- 
verfe,  whereby  all  bodies,  and  all  the  parts  of  bodies,  mutually 
attraft  themfelves,  and  one  another.  By  which  means,  as  all 
the  parts  of  bodies  tend  naturally  to  their  centre,  fo  they  all 
betake  themfelves  to  a globous  figure,  unlefs  fome  other  more 
prevalent  caufe  interpofe.  Thus  drops  of  quickfilver  put  on  a 
fpherical  form,  the  parts  thereof  ftrongly  attrafting  one  another. 
So  drops  of  water  have  the  fame  fonu  wffien  falling  in  the  air  ; 
but  are  hemifpherical  only  when  they  lie  on  a hard  body,  by  rea- 
fon their  gravity  doth  fo  far  overpower  their  felf-attrafting 
power,  as  to  take  off  one-half  of  their  fphericity.  This  figure  is 
commonly  attributed  to  the  preffure  of  the  circumambient  air; 
but  that  this  cannot  be  the  caufe,  is  manifeft  from  the  air-pump ; 
the  cafe  being  the  very  fame  in  an  exhaufted  receiver,  as  in  the 
open  air,  and  not  any  the  leaft  alteration  of  the  figure  that  I could 
perceive,  in  all  the  trials  I have  made. 
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1.  This  figure  is  the  mofl;  commodious  in  regard 
of  heat,  and  I may  add  of  light  alfo  in  fome  mea* 
fure : for  by  this  means,  thofe  two  great  benefits 
are  uniformly  and  equally  imparted  to  the  world ; 
they  come  harmonioufly  and  gradually  on,  and  as 
gradually  go  off  again.  So  that  the  daily  and  yearly 
returns  of  light  and  darknefs,  cold  and  heat,  moifl 
and  dry,  are  regular  and  workman-like,  (we  may 
fay,)  which  they  would  not  be,efpecially  the  former, 
if  the  mafs  of  earth  and  waters  were  (as  fome  fan- 
cied (Z»)  it)  a large  plain ; or  as  others,  like  a large 
hill  in  the  midfl;  of  the  ocean ; or  of  a multangular 
figure ; or  fuch  like. 

2.  This  figure  is  admirably  adapted  to  the  com- 
modious and  equal  diftribution  of  the  waters  in  the 
globe.  For  fince,  by  the  laws  of  gravity,  the  waters 
will  poflefs  the  lowed:  place ; therefore,  if  the  mafs 

(^ ) It  would  be  frivolous,  as  well  as  endlefs,  to  reckon  up  the 
various  opinions  of  the  ancients  about  the  figure  of  the  terra- 
queous globe  ; fome  of  them  may  be  fecn  in  V aren.  Geogr.  1.  i. 
c.  3.  inii.  or  yobtiflon’s  Thaumat.  c.  I.  artic,  3-  But  among  the 
variety  of  opinions,  one  of  the  principal  was.  That  the  vifible 
horizon  was  the  bounds  of  the  earth,  and  the  ocean  the  bounds 
of  the  horizon  ; that  the  heavens  and  earth  above  this  ocean  w-as 
the  whole  vifible  univerfe  ; and  that  all  beneath  the  ocean  was 
Jiades^  or  the  htv'tfihle  world.  Hence,  when  the  Sun  fet,  he  w’as 
faid  tingere  fe  oceano  ; and  when  any  went  to  Hades ^ they  muft  firll 
pafs  the  ocean.  Of  this  opinion  were  not  only  the  ancient  poets, 
and  others  among  the  Heathens,  but  fome  of  the  Chriftian  fathers 
too,  particularly  Ladlantius,  St.  Augtijl'me.,  and  others,  who 
thought  their  opinion  was  favoured  by  the  Pfalmift,  in  Pfalm 
xxiv.  2.  and  cxxxvi.  6. — See  Bp,  Ujher's  AnJ,  to  a Jef,  Ckall* 
p.  366.  fS’c. 
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of  the  earth  was  cubic,  prifmatic,  or  any  other 
angular  figure,  it  would  follow,  that  one  (too  vaft  a 
part)  would  be  drowned  j and  another  be  too  dry. 
But  being  thus  orbicular,  the  waters  are  equally  and 
commodioufly  diftributed  here  and  there,  according 
as  the  Bivine' Providence  faw  mofl  fit ; of  which  I 
lhall  take  notice  by  and  by. 

3.  The  orbicular  figure  of  our  globe  is  far  the 
moft  beneficial  to  the  winds  and  motions  of  the  at- 
mofphere.  It  is  not  to  be  doubted,  if  the  earth  was 
of  fome  other,  or  indeed  any  other  figure,  but  that 
the  currents  of  air  would  be  much  retarded,  if  not 
wholly  flopped.  We  find  by  experience,  what  in- 
fluence large  and  high  mountains,  bays,  capes,  and 
head-lands  have  upon  the  winds ; how  they  flop 
fome,  retard  many,  and  divert  and  change  (near  the 
fhores)  even  general  and  conjiant  winds  (c),  that 

(c)  Neither  do  thefe  conjiant  trade  winds  ufually  bloau  near  the 
Jhore,  hut  only  on  the  ocean,  at  leqfl  30  or  40  leagues  ajj at  fea,  char 
from  any  land ; ejpectally  on  the  avefl  cocjl,  or  fide  of  any  continent : 
for  indeed  on  the  ecjl  fide,  the  ecjlerly  nvind,  being  the  true  trade  n.vind, 
blows  almq/l  home  to  the fore,  fo  near  as  to  receive  a check  from  the 
land  nvind. — Dampier’s  Winds,  ch.  i. 

And  not  only  the  general  trade  nvinds,  but  alfo  the  confant 
coqfling  trade  nvinds,  are  in  like  manner  afFefted  by  the  lands : 
thus  for  inftance,  on  the  coaft  of  Angola  and  Peru.  But  this, 
faith  the  curious  captain  Dampier,  the  reader  mull  take  notice  of. 
That  the  trade  nvinds  that  blonv  on  any  cocjl,  except  the  north  coaft 
of  Africa,  nvhether  they  are  confant,  and  blonv  all  the  year,  or  nvhe- 
ther  they  are  f if  ting  nvinds,  do  never  blonv  right  in  on  the  fore, 
nor  right  along  fore,  but  go  f anting,  making  an  acute  angle  of  about 
22  degrees.  Therefore,  as  the  land  tends  more  eaf  or  nvejl,  from 
north  orfouth  on  the  coaft,'  fo  the  nvinds  do  alter  accordingly. — Ibid, 
ch.  a. 
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blow  round  the  globe  in  the  torrid  zone.  And 
therefore,  fmce  this  is  the  eflfeft  of  fuch  little  ex- 
crefcences,  which  have  but  little  proportion  to  our 
globe,  what  would  be  the  confequences  of  much 
vafter  angles,  which  w'ould  equal  a quarter,  tenth, 
or  but  an  hundredth  part  of  the  globe’s  radius? 
Certainly  thefe  mufl  be  fuch  a barricade,  as  would 
greatly  annoy,  or  rather  abfolutely  ftop  the  currents 
of  the  atmofphere,  and  thereby  deprive  the  world  of 
thofe  falutiferous  gales  that  I have  faid  keep  it  fweet 
and  clean. 

Thus  the  figure  of  our  globe  doth  manifeft  it  to 
be  a work  of  contrivance,  inafmuch  as  it  is  of  the 
mofl;  commodious  figure ; and  all  others  would  be 
liable  to  great  and  evident  inconveniences. 


f 
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Of  the  Bulk  of  the  terraqueous  Globe-. 

^HE  next  thing  remarkable  in  the  terraqueous 
globe,  is  the  prodigious  bulk  thereof  (<2)  : — a 
mafs  of  above  260  thoufand  million  of  miles  folid 
conteiit : — awork  too  grand  for  any  thing  lefs  than 
a God  to  make.  To  which  in  the  next  place  we 
may  add, 

{a)  It  is  not  difficult  to  make  a pretty  near  computation  of 
the  bulk  of  the  terraqueous  globe,  from  thofe  Accurate  obferva- 
tions  of  a degree  made  by  Mr.  Norwood  in  England,  and  Mr. 
Picart  and  Mr.  CnJJini  in  France.  Whofe  meafures  do  in  a 
fin-prifing  manner  agree.  But  Mr.  Ccf  ini's  feeming  to  be  the 
tnoft  accurate,  (as  I have  fhewn  in  my  AJlro-Theology , b.  i.  ch.  2» 
note  {a),)  I have  there  made  ufe  of  his  determinations.  Ac- 
cording to  which  the  diameter  of  the  earth  being  796,772  Eng. 
lijb  miles, its  ambit  will  be  25,031  miles  and  half ; and  (fup^ollng 
It  to  be  fpherical)  its  furface  will  be  199,444,220  miles  ; ^vhicli 
being  multiplied  into  one  third  of  its  femidiameter,  gives  the 
fblid  content,  vi%.  2 64,856jOOO,oob  miles. 
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CHAP.  III. 

The  Motions  of  the  terraqueous  Globe, 

HE  motions  the  terraqueous  globe  hath,  arc 
round  its  own  axis,  and  round  its  fountain  of 
light  and  heat,  the  fun  (a).  That  fo  vail  a body  as 
the  earth  and  waters  fhould  be  moved  at  all  (b\ 

that 

(/z)  With  the  Copernicans,  I take  it  here  for  gi'anted,  that 
ihe  diurnal  and  annual  revolutions  are  the  motions  of  the  terra- 
queous globej  not  of  the  fun,  &c.  but  for  the  proof  thereof  I 
thall  refer  the  reader  to  the  preface  of  my  AJlro-Thcolo^^  and 
b.  iv.  c.  3 . 

{h')  Every  thing  that  h moved,  mufl  of  necejfuy  he  moved  by  fome- 
thing  elfe  ; and  that  thing  is  moved  by  Jomething  that  is  moved  either  by 
another  thing,  or  not  by  another  thing.  If  it  he  moved  by  that  which 
it  moved  by  another,  we  mujl  of  neceffity  come  to  fome  prime  mover, 
that  is  not  moved  by  another,  for  it  ii  impojftble,  that  what  moveth 
and  is  moved  by  another,  fhould  proceed  in  infinitumi  Ariftot. 
Phyf.  1.  8.  c.  5. 

Solum  quod feipfum  movet,  quia  nunquam  deferitur  a fe,  nunquam 
ne  moveriquidem  dejinit ; quinetiam  otteris  qua  moventur,  hit  font  : 
hoc  principium  ejl  movendi.  PrinctpH  autem  nulla  ejl  origo  : nam  ex 
principio  oriuniur  omnia  ; ipfum  autem  nulld  ex  re.  alia  nafei  potcfl : 
nec  enim  ejfei  id  principium,  quod  gigneretur  aliunde, — “ That  only 
which  moves  itfelf,  never  ceafes  to  move ; for  it  cannot  be 
abandoned  by  itfelf : but  this  likewife  is  the  fpring  and  principle 
of  motion  in  other  things.  But  a firft  principle  can  have  no  ori- 
gin ; for  the  principle  is  the  origin  of  every  thing,  and  can  itfelf 
arife  from  nothing  elfe ; for  if  it  arofe  from  any  thing  clfc,  it 
would  not  be  a principle.” — Cicer.  Tufe.  ^ej.  1.  1.  c.  33. 

Cogiternus  qui  fieri  poJJU,  ut  tanta  magnitudo,  ah  aliqud  prffil  na- 
tura,  tants  tempore  circumfrri  ? Ego  igitur  qfftro  Deum  caujam  tjfe, 
9 net 
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that  it  ihould  undergo  two  fuch  different  mo- 
tions, as  the  diurnal  and  annual  are,  that 
thefe  motions  fhould  be  fo  conftantly  and  regular- 
ly CO  performed  for  near  6000  years,  without  any 
the  leaft  alteration  ever  heard  of  (except  fome 
hours  which  we  read  of  in  JoJh.ic,  12,  13.  and 
in  Hezekiah’s  time,  which,  if  they  cannot  be  ac- 
counted for  fome  other  way,  do  greatly  encreafe 

the 

net  aTtterpqffhferl—'^  Let  Us  think  how  ft  could  poffibly  happen 
that  a body  of  fuch  bulk  fhould  revolve  in  filch  a fpace  ^>f  time. 

I therefore  aflert  that  God  is  the  caufe ; nor  is  it  poflible  it  could 
have  happened  from  any  other  caufe. ”—P/a/o  in  Epinom. 

(c)  Among  the  caufes  which  Cleanthes  is  faid  in  7ullj 
to  affign  for  men’s  belief  of  a Deity,  one  of  the  chief  is,  Mqua- 
mot&s,  converjlonem  cedi,  foils , hne,  fiderumque  omnium 
aijhnaionem,  varietatem,  pulchritudinem,  ordlnem : quorum  rerum 
afpeaus  ipfe  fatis  indicaret,  non  ejfe  cafortuita.  Ut  fiquis  in  domum 
chquam,  cut  in  gymnajtum,  cut  in  forum  vefierit ; cUm  videat  om- 
ntum  rerum  ratienem,  modum,  difcipUnam,  non  poftt  ea  fine  causd 
Jiert  judtcare,  fed  ejf  aliquem  intelligat,  qui  praft,  ^ cui  parent ure 
multo  magis  m tantis  motibus,  tantifque  vicijttudinibus,  tarn  multa- 
rum  rerum ^ atque  tantarum  ordinibus,  in  quibus  nihil  unquam  im~ 
menfa  Id  mjintta  •oitujas  mentita  fit,  fatuat  necejfe  ef  ab  aliquu 
mente  tantos  natura  motus  gubernari “ The  equable  motion  and 

the  ftars  ; 

the  diftinaion,  the  variety,  the  beauty,  the  order  of  all  thefe 
objedf^  As  if  any  one  fhould  come  into  a houfe,  a hall  of 
cxercife,  or  a public  affcrnbly,  and  there  fee  the  ai;angemenr 
method,  and  difciplme  of  every  thing  around  him,  he^  would 
never  judge,  that  thefe  things  were  without  caufe  ; but  would 
mmediatdy  conclude,  that  there  was  fome  one  who  prelde^ 
and  to  whom  all  gave  obedience  : fo  when  we  behold  thefe 
vanous  motions  and  changes,  and  the  order  of  fuch  numerous 

of  ages  Nature  has  never  erred  or  failed ; with  much  more 

^ ^ reafoa 


MOTIONS  OP  rtiz 


B.  tU 


the  wonder  (d) ; thefe  things,  I fay,)  do  mani- 
feftly  argue  fome  divine  infinite  power  to  be  con- 
cerned therein  {e)  : but  efpecially,  if  to  all  this 

VfC 

reafon  miift  we  conclude,  that  thefe  are  governed  and  directed 
by  an  Almighty  mind.” — Cic.  de  Nat.  Dear.  1.  c.  5. 

Homines  cieperunt  Deum  agnofcere,  cum  viderent  Jlellas,  t ant  am 
concinnitatem  ejicere  ; ac  dies,  noSefque,  ajlate,  if}  hyeme,  fuos  fer- 
vare  Jlatos  orlus,  atque  olitus. — “ Men  began  to  acknowledge  a 
God,  when  they  beheld  the  liars,  fo  admirable  in  the  order  of 
tiieir  motions,  and  the  regularity  with  which  the  day  and  night, 
the  fummer  and  winter,  preferve  their  Hated  feafons.” — Plut. 
de  Placit.  1.  I . c.  6. 

(r/)  We  need  not  be  follicitbus  to  elude  the  hlftory  of  thefe 
miracles,  as  if  they  were  only  poetical  drains,  as  Maimomdes 
and  fome  others  fancy  yojhua'%  day  to  have  been,  •olic.  only  an 
ordinary  fummer’s  day  ; but  fuch  as  had  the  work  of  many 
ilays  done  in  it ; and  therefore  by  a poetical  ftretch  made,  as 
if  the  day  had  been  lengthened  by  the  fun  Handing  HilL 
But  in  the  hiHory  they  are  ferioully  related,  as  real  matters 
of  faft,  and  with  fuch  circumHances  as  manifeH  them  to  have 
been  miraculous  works  of  the  Almighty  : and  the  prophet 
Habakkuk,  iii.  1 1 . mentions  that  of  Jq/hua  as  fuch.  And  there- 
fore taking  them  to  be  miraculous  perverfions  of  the  courfe 
of  Nature,  iiiHead  of  being  objcdlions,  they  are  great  argu- 
ments of  the  power  of  God  ; for,  in  He%ekiah'%  cafe,  to  wheel 
the  earth  itfelf  backward,  or  by  fome  extraordinary  refrac- 
tions, to  bring  the  fun’s  lhadow  backward  10  degrees ; or  in 
yqfhua’s  cafe,  to  Hop  the  diurnal  courfe  of  the  globe  for  fame 
hours,  and  then  again  give  it  the  fame  motion  ; to  do,  I fay, 
thefe  things,  required  the  fame  infinite  power  which  at  fifH 
gave  the  terraqueous  globe  its  motions. 

(e)  Nam  cum  difpofiti  quajijfem  faedera  mundi, 

Pntfcriptqfque  marts  Jines,  anniqut  meatus, 

El  lucis,  no3ifque  vices  : tunc  omnia  tebar 
ConftUo frmata  Dei,  qui  lege  moveri 
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we  add  the  wonderful  convenience,  yea  abfolute 
neceflity  of  thefe  circumvolutions  to  the  inhabit* 
ants,  yea  all  the  products  of  the  earth  and  waters. 
For  to  one  of  thefe  we  owe  the  comfortable 
changes  of  day  and  night ; the  one  for  bufinefs^ 
the  other  for  repofe  (/) ; the  one  for  man,  and 
moft  other  animals  to  gather  and  provide  food, 

Sidcra,  quij^uges  diverfo  tempore  nafei, 
variam  Phcehet\  alieno  ppjferit  tgne 
Compleri,  folemque  fuo, ; porrexerit  und'ii 
IdtHv-a  ; tellurem  medio  Ubraverat  axe. 

When  firft  my  anxious,  thought  exploi-’d  the  caufe 
Of  thefe  effefts,  and  fearch’d  out  Nature’s  laws ; 

Gnefs’d  how  the  year  its  Hated  term  fliouM  keep  j 

Who  fix’d  the  limits  of  the  (urgy  deep  j 

What  power  had  form’d  the  girding  orhs  of  light,, 

And  fpread  the  fable-  curtain  of  the  night ; 

No  more  in  mifty  paths  of  doubt  I trod ; 

My  reafon  faw,  my  foul  confefs’d  a God. 

Form  d by  his  hand,  tihofe  orbs  their  courfe  maintain  j 
The  night,  the  day  with  equal  empire  reign  ; 

The  fun  his  warmth  benign,  and  radiance  yields. 

With  borrow’d  light  pale  Luna  paints  the  fields  j 
The  fwelbng  feas  th’  oppofing  fliores  withftand, 

And  earth  is  poiz’d  by  an  Almighty  hand.” 

Olaudian  in  Rufin.  1.  1.  initjo. 

if)  -P'"  noaifque  viciffitudo  confervat  animantes,  triluens  aliud 
agendi  tempus,  aliud  qutefcendi.  Sic  undique  omui  ratione  conclu- 
ditur,  mente,  conjilioque  divino  omnia  in  hoq  mmdo.  ad  falutem  c/w. 
mum,  confervationemque  admirabilitev  adminijlrari. — “ The  vicif- 
fitude  of  day  and  night  preferves  aU  the  animal  creation,  by 
allotting  one  feafon  for  adion,  and  another  for  reft.  Thus,  ou 
all  hands,  we  mull  in  reafon  conclude,  that  the  fafety  and  pre- 
fervation  of  every  thing  is  moft  admirably  provided  for.”-67r. 
4*  Nat,  Dear,.  1.  c.53. 
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habitation,  and  other  neceflaries  of  life  j the  other 
to  reft,  refrefh,  and  recruit  their  fpirits  (^),  wafted 
with  the  labours  of  the  day.  To  the  other  of 
thofe  motions  we  owe  the  feafons  of  fummer  and 
winter,  fpring  and  autumn,  together  with  the  be- 
neficial inftances  and  effefts  which  thefe  have  on 
the  bodies  and  of  animals,  vegetables,  and 
all  other  things,  both  in  the  torrid,  temperate,  and 
frigid  zones.  • 

(^)  The  acute  Dr,  Cheym,  In  his  ingenious  Philof.  Prifu.  of 
Natural  Religion,  among  other  ufes  of  day  and  night,  faith, 
the  ni^ht  is  moft  proper  for  fleep  j becaufe  when  the  fun  is 
above  the  horizon,  fleep  is  prejudicial,  by  reafon  the  perfpi- 
Tations  are  then  too  great.  Alfo  tliat  nutrition  is  moftly,  if 
uot  altogether,  performed  in  time  of  reft  ; t^e  bipod  having 
too  quick  a motion  in^  the  day  ; for  which  reafon,  ^eak  -per-, 
fons,  children,  fjfc.  are  nourilhed  moft,  and  recruit'  be^  by 
fleep,  , " „ 
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CHAP.  IV. 

• 

Of  the  Place  and  Situation  of  the  terraqueous  Globe^ 
in  refped  of  the  heavenly  Bodies^ 

^Nother  thing  very  confiderable  in  our  globe, 
is  its  place  and  fituation  at  a due  diftance 
from  the  fun  (a),  its  fquntain  of  light  and  heat  * ; 

and 

> - (fl)  It  is  a manifeft  fign  of  the  Creator's  management  aijd 
care,  in  placing  the  terraqueous  globe  at  that  very  diltance 
it  is  from  the  fun,  and  contempering  our  own  bodies,  and  all 
V other  things,  fo  dujy  tp  that  dillance.  For  was  the  earth 
farther  from  the  fun,  the  world  would  be  ftaryed  and  frozen 
with  cold : and  was  it  nigher,  we  fliould  be  burnt,  at  leaft  the 
moft  combuftible  things  would  be  fo,  and  the  world  would 
be  vexed  with  perpetual  conflagrations.  For  we  fee  that  a few 
of  the  rays, of  the  fun,  even  no,  more  than  what  fall  within 
the  compafs  of  half  an  inch  or  an  inch  in  a burning-glafs,  wil} 
fire  combuftible  bodies,  even  in  our  own  clipiate. 


The  following  obfervation  of  Sir  Ifaac  Newton  is  clearly 
dempnftrative  of  the  admirable  wifdpm  of  the  Creator,  in  the 
fituation  which  he  has  afligned  tp  this  glpbe  with  refpea  to 
the  other  planets  and  to  the  fun,  Thofe  planets  have  the 
greater  denfity,  ceteris  paribtu^  which  are  placed  neareft  the  fun  : 
Thus  Jupiter  is  more  denfe  than  Saturuy  and  the  Earth  more 
denfe  than  Jupiter  ; for  it  was  neceffary  to  place  the  planets  at 
different  diftances  from  the  fun,  that  each  might  receive  a 
greater  or  a lefs  degree  of  his  heat^  according  to  its  denfity. 
If  our  earth  were  placed  in  the  orbit  of  Satuin,  the  water  of 
it  would  be  frozen  up  j and  if  in  the  orbit  of  Mercury,  it 

? 4 would 
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and  from  its  neighbouring  planets  of  the  folar  fyf- 
tem,  and  fVom  the  fixed  ftars,  liut  thefe  things 
I have  fpoken  more  largely  of  in  my  Survey  of 
the  Heavens  (b),  and  t]ierefore  only  barely  men- 
tion them  now  j to  infill  more  largely  upon, 

{b)  AJlro-Theohgy.,  bqok  vii.  chap. 


would  prefently  exhale  in  vapour.  For  the  fun's  h’ght,  to. 
which  his  heat  is  proportionable,  is  feven  times  more  deiiTe  in 
the  orbit  pf  Mercury  than  with  us ; and  I have  found  by  the 
thermometer,  that  water  will  boil  with  a heat  feven  times  as 
great  as  that  of  the  fummer’s  fun.  But  the  matter  of  Mercury 
is  doubtlefs  fitted  for  heat ; and,  therefore,  mufl  be  denfer  tha^ 
that  of  our  earth ; fince  all  denfe  matter  requires  a greater  de- 
gree of  heat  to  pprform  the  operations  of  Nature.” — Newton's 
Prineij).  p.  37?.  Editor. 
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'The  Dijlrihuiion  of  Earth  and  Water^^ 

•T'HE  diftribution  of  the  waters  and  the  dry  land, 
although  it  m^y  feem  rude  ^nd  undefigned  ta 
a carelefs  view,  and  is  by  forne  taxed  as  fuch  («), 

yet 

(a)  The  moft  eminent  authqr  I have  met  with,  that  finds 
fault  with  the  diftributiqn  of  the  earth  and  waters,  and  in- 
deed with  the  whqle  prefent  ftrufture  of  th?  globe,  is  th.?^ 
learned  and  eloquent  theorift  Dr.  Burnet,  witp  frequently  ex- 
claims on  this  point ; ’Tellus  nfijlra,  Ji  totam  Jimul  compleElamur^ 
non  ejl  ordinata  Iff  venufla  rerum  compages—fed  vjples  agg^ia  variot 
incertoque  Jitu  partlum,  nulla  ordinfs  aut  venidlatis  habiid  ratione. 
Theor.  Sacr.  1.  i.  c.  7.  Ecquis  autem  a Deo  heec  ita  fa£la  ? &c. 
Ib.  ^10  autem  Herculeo  labore  opus  ejfet  ad  excavandam  terram  in 
tanlum  hiatum  ? — St  immediate  a Causa  Primd  effeBus  fuijfet  hie  al- 
veus, aliquem  faltem  ordinem,  menfuram,  iff  proportionetfi,  notars 
volu  'ijfet  in  ipjius  forma,  iff  pqrtium  dlfpq/ittone ; — -fed  confufa 
omnia.  See.  Ib.  c.  8.  Tellus  tipjlra  ciim  exigua  Jit ; ejl  etiam 
rudis  : et  in  ilia  exiguitate  multa  funt  fuperjlua,  multa  vqelegantia. 
Dimidiam  terra  fiperfciem  inundat  oceanus } magnd  ex  parte,  ut 
mihi  videtur,  intifilis. — “ Our  earth,  if  we  confider  it  altogether, 
is  not  a well-ordered  and  beautiful  ftrufture,  but  a mafs  heaped 
together  at  random  without  any  regard  to  order  or  beauty. 
But  can  any  one  believe,  that  things  were  thus  made  by  the 
hand  of  God  ? — What  a Herculean  labour  muft  it  have  been  to, 
hollow  out  the  earth  to  fuch  a depth  ? If  this  bed  had  been 
the  immediate  operation  of  the  Firft  Caufe,  we  muft  have  ob- 
ferved  fomc  order,  fome  meafure  and  proportion  in  its  form, 
and  in  the  difpofition  of  its  parts  ; but  all  things  are  confufed. 
Our  earth  is  not  only  fmall,  but  rude  in  its  ftrufture : 

and 
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yet  is  admirably  well  adjufled  to  the  ufes  and  con- 
veniences of  our  world. 

For  in  the  firft  place,  the  diftrlbution  is  fo  well 
made,  the  earth  and  waters  fo  handfomely,  fo 
workmanrlike  laid,  every  where  all  the  world  over, 
that  there  is  a juft  equipoife  of  the  whole  globe. 
The  No f them  balanceth  thq  Southern  ocean,  the  At’- 
lantic,  the  Pacific  fea.  The  American  dry  land^ 
is  a counterpoife  to  the  European,  Aftatic,  and 
African. 

In  the  next  place,  the  earth  and  the  waters  are 
fo  admirably  well  placed  about  in  the  globe,  as  to 
be  helpful  to  one  another,  to  minrfter  to  one  ano- 
ther's ufes.  The  great  oceans,  and  the  leffer  feas 
and  lakes,  are  fo  admirably  well  diftributed 
throughout  the  globe  {b\  as  to  afford  fufficieat 

vapours 

aqd  even  fmall  as  ft  is,  there  are  in  it  many  things  fuperfluous, 
and  many  inelegant.  The  ocean  overflows  one  half  of  the  fur- 
face  of  the  globe  ; a thing  which,  to  me,  appears  in  a great 
meafure  ufelefs.” — And  then  he  goes  on  to  fliew  how  this  part 
of  .'the  Creation  might  be  mended.  Ih.  c.  ig.  All  this  is  tg 
me  furprifipg  froip  an  authqr  of  great  ingenuity,  who,  feems  in 
his  book  tp  have  a juft  opinion  of  and  due  veneration  for 
God.  But  certainly  fuch  notions  are  very  inconfiftent  with 
the  belief  of  God’s  creating,  efpecially  his  governing  and  or- 
dering the  world.  But  fuppofe  the  terraqueous  globe  was 
fuch  a rude,  confufed,  inconvenient  mafs,  as  he  pretends,  yet 
it  is  well  enough  for  a finful  world.  But  bcfides,  what  other# 
have  long  ago  abundantly  anfwered,  the  following  furvey,  will, 
I hope,  fulftciently  manifeft  it  to  be  the  work  of  a wife  and 
beneficent,  as  well  as  omnipotent  Creator. 

if)  Some  have  objedfed  agafnft  the  diftribution  of  the  earth 
and  waters,  as  if  the  waters  occupied  too  large  a part  of  the 

globe, 
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vapours  (^•),  for  clouds  and  rains,  to  temperate 

the 

globe,  which  they  think  would  be  of  greater  ufe  if  it  wa» 
dry  land.  But  then  they  do  not  conlider  that  this  would  de- 
prive the  world  of  a due  quantity  of  vapours  and  rain.  For 
if  the  cavities  wl^ich  contain  the  fea,  and  other  waters,  were 
deeper,  altliough  the  waters  were  no  lefs  in  quantity,  only 
their  furfaces  narrower  and  lelTer,  the  evaporations  would  be 
fo  much  the  lefs,  inafmuch  as  thofe  evaporations  are  made 
from  the  furface,  and  are,  confequently,  in  proportion  to  the 
furface,  not  the  depth  or  quantity  of  water.  , 

(c)  I took  notice  before,  in  Booi  I.  Chap.  iii.  note  [a), 
that  the  vapours  conftituting  clouds  and  rain,  are  vejtcula  of 
water  detached  by  heat.  The  manner  of  which  I conceive  to 
be  thus ; heat  being  of  an  agile  nature,  or  the  lighteft  of  all 
bodies,  eafily  breaks  loofe  from  them  ; and  if  they  are  humid, 
in  its  paflage,  carries  along  with  it  particles,  or  Httie  cafes  of 
the  water ; which  being  lighter  than  air,  arc  buoyed  up  there- 
by, and  fwim  in  it ; until  by  knocking  againft  one  another, 
or  being  thickened  by  the  cold,  (as  in  the  note  before  cited,) 
they  are  reduced  into  clouds  and  drops. 

Having  mentioned  the  manner  how  vapours  are  raifed,  and 
there  being  more  room  here  than  in  the  note  before-cited,  I 
ihall,  for  the  illuftration  of  Nature’s  procefs,  take  notice  of 
three  things  obfervable  to  our  purpofe,  in  water  over  the 
fire.  1 . That  the  evaporations  are  proportional  to  the  heat 
•afcending  out  of  the  water.  A fmaU  heat  throws  off  but  few 
vapours,  fcarce  vifible  : a greater  heat,  and  afcending  in  greater 
quantities,  carries  off  groffer,  larger,  and  more  numerous 
cttla,  which  we  call  z.Jleam  : and  if  the  heat  breaks  through  the 
\yater  with  fuch  a fuiy,  as  to  lacerate  and  lift  up  great  quan- 
mies  or  bubbles-  of  water,  too  heavy  for  the  air  to  carry  or 
buoy  up,  it  caufeth  what  we  call  loiling.  And  the  particles  of  ' 
water  thus  mounted  up  by  the  heat,  are  vifible  fph*rules  of 
water,  if  viewed  with  a microfcopc,  as  they  fwim  about  in  a 
ray  of  the  fun  let  into  a dark  room,  with  warm  water  under- 
ncath  ; where  fome  of  the  vapours  appear  large,  fome  fmaller 

fphaeruJcs, 
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the  C0I4  (d)  of  the  northern  frozen  air,  to  cool 

and 

fphaeniles,  according  (no  doubt)  to  tHc  larger  and  lefTcr  quan- 
tities of  heat  blowing  them  up  and  carrj’ing  them  off.  2.  If 
thefe  vapours  be  intercepted  in  their  afcent  by  context, 
efpecially  cold  body,  as  glafs,  marbk,  &c.  they  are  thereby  re- 
duced, into  drops,  and  mafles  of  water,  like  thofe  of  rain,  iffe. 
3.  Thefe  vapours  in  their  afcent  from  the  water,  may  be  ob- 
ferved,  in  cold  frofty  weather,  either  to  rife  but  a little  above  the 
water,  and  there  to  hang,  or  to  ghde  on  a little  above  its  furface  r 
Or  if  the  weather  be  ver)^  cold,  after  a little  afcent,  they  may  be 
feen  to  fall  back  again  into  the  water ; in  their  afcent  and  de- 
feent  deferibing  a curve  fomewhat  like  that  of  an  arrow  from  a 
bow.  But  in  a warmer  air,  and  ftill,  the  vapours  afeend  more 
nimbly  and  coi)iouIly,  mounting  up  aloft,  till  they  are  out  of 
fight.  But  if  the  air  be  warm  and  windy  too,  the  vapours  arc 
fooner  carried  out  of  fight,  and  make  way  for  others.  Aod  ac- 
cordingly I have  often  obferved,  that  hot  liquors,  if  not  fet  too 
thin,  and  not  frequently  ftirred,  cool  flower  in  the  greateft  frofts, 
than  in  temperate  weather,  efpecially  if  windy.  And  it  is  mani- 
feft  by  good  experiments,  that  the  evaporations  are  lefs  at  thofe 
times  thait  thefe ; lef^  by  far  in  tfie  winter  than  the  warmer 
months, 

(^)  As  our  northern  iflands  aro  obferved  to  be  more  tempe-. 
rate  than  our  continents,  (of  which  we  had  a notable  inftance 
in  the  great  fro  11  in  1 70 which  Ireland  and  Scotland  felt  lefs  of, 
than  moft  parts  of  Europe  befides  ; of  which  fee  Book  IV. 
Chap.  xii.  note  (c),)  fo  this  temperature  is  owing  to  the  warm 
vapours  afforded  chiefly  by  the  fea,vyhich  by  the  preceding  note 
mull  neceffarily  bo  warm,  as  they  are  vapours,  or  water  inflated 
by  heat, 

The  caufe  of  this  heat  I take  to  be  partly  that  of  the  fun, 
and  partly  fubterraneous.  That  it  is  not  wholly  that  of  the 
fun,  is  manifell  from  vapours,  being  as  or  more  copioufly  raifed 
when  the  fun-beams  are  weakeft  as  when  flrongeft,  there  being 
greater  rains  and  winds  at  the  one  time  than  the  other.  And 
that  there  is  fuch  a thing  as  fubterraneous  heat  ( whether  central, 
or  from  the  meeting  of  mineral  juices  ; or  fuch  as  is  congenial 

QI 
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and  mitigate  the  heats  (e)  of  the  torrid-zone,  and 
to  refrefh  the  earth  with  fertile  fliowers ; yea,  in 
fome  ineafure  to  nilnifter  frefh  waters  to  the  foun- 
tains and  rivers.  Nay,  fo  abundant  is  this  great 
blefllng,  which  the  moft  indulgent  Creator  hath  af* 
forded  us  by  means  of  this  diftribution  of  the  wa- 
ters I am  fpeaking  of,  that  there  is  more  than  a 
fcanty,  bare  provifion,  or  mere  fufficiency  5 even  a 

»r  connatural  to  our  globe,  I have  not  time  to  inquire ; but  I 
fay,  that  fuch  a thing  is)  is  evident  not  only  from  the  hot-baths, 
many  fiery  eruptions  and  explofions,  Ss* c.  but  alfo  from  the 
ordinary  warmth  of  cellars  and  places  under  ground,  which  are 
not  barely  comparatively  warm,  but  of  fufficient  heat  to  raife 
vapours  alfo  : as  is  manifeft  from  the  fmoking  of  perrennial 
fountains  in  frofty  weather,  and  water  drawn  out  of  pumps  and 
open  wells  at  fuch  a time.  Yea,  even  animals  themfelves  are 
fenfible  of  it,  as  particularly  who  dig  before  a thaw,  and 
againll  fome  other  alterations  of  the  weather;  excited,’  no 
doubt,  thereunto  by  the  fame  warm  vapours  arifing  in  the  earth, 
which  animate  them,  as  well  as  produce  the  fucceeding  changes 
of  the  weather. 

(e)  Befides  the  trade  ivindsy  which  ferve  to  mitigate  the  ex- 
ceflive  heats  in  the  torrid-zone ; the  clouds  are  a good  fcreen 
againft  the  fcorching  fun-beams,  efpeclally  when  the  fun  paffetli 
their  zenith  ; at  which  time  is  their  winter,  or  cooleft  feafon,  by 
reafon  they  have  then  moft  clouds  and  rain.  For  which  fervice, 
that  which  Varene  takes  notice  of,  is  a great  providence  of 
God,  viz.  Pleraque  loca  zona  torrida  viclnum  habent  mare,  ut  In^ 
dia,infula  Indica,  lingua  Africa,  Guinea,  Breftlia,  Peruvia,  MexU 

<ami,  Hifpania  : Pauca  loca  zona  torrida  funt  mediterranea. 

“ Moft  parts  of  the  torrid  zone  are  in  the  nelghhourhood  of  the 
fea ; as  for  example,  India,  the  Indian  iflands,  the  peninfula  of 
Africa,  Guinea,  Brafil,  Peru,  Mexico,  Spain.  Few  parts  of  the 
torrid  zone  arc  iuhndP— Farenii  Ceogr.  1.  a.  c.  26.  prop.  10. 
fed.  7. 
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plenty,  a furplufage  of  this  ufeful  creature  of  God, 
(the  frefli  waters,)  afforded  to  the  world ; and  they 
fo  well  ordered,  as  not  to  drown  the  nations  of  the 
earth,  nor  to  ftagnate,  ftink,  and  poifon,  or  annoy 
them  ; but  to  be  gently  carried  through  convenient 
channels  back  again  to  their  grand  fountain  (y), 

the 

(/)  That  fprings  have  their  origin  from  the  fea,  and  not 
from  rains  and  vapours,  among  many  other  ftrong  reafons,  I con- 
clude from  the  perennity  of  divers  fprings,  which  always  afford 
the  fame  quantity  of  water.  Of  this  fort  there  are  many  to  be- 
found  every  where.  But  I (hall,  for  an  inftance,  fingle  out  one 
in  the  parifh  of  Upmlnjler,  where  I live,  as  being  very  proper  for 
my  purpofe,  and  one  that  I have  had  better  opportunities  of 
making  remarks  upon  above  twenty  years.  This  in  the  greateft 
droughts  is  little,  if  at  all  diminifhed,  that  I could  perceive  by  my 
eye,  although  the  ponds  all  over  the  country,  and  an  adjoining 
hrook,  have  been  dr)*^  for  many  months  together ; as  particularly 
in  the  dry  fummer  months  of  the  year  1 705  ; and  in  the  wet- 
tell  feafons,  fuch  as  the  fummer  and  other  months  were,  pre- 
ceding the  violent  ftorm  in  November  1703.  (Vide  Phil.  ‘Tranf* 
No.  289.)  I fay,  in  fuch  wet  feafons  I have  not  obferved  any 
increment  of  its  ftream,  excepting  only  for  violent  rains  falling 
therein,  or  running  down  from  the  higher  land  into  it ; whicli 
difcoloureth  the  waters  oftentimes,  and  makes  an  increafc  of  only 
a day’s,  or  fometimes  but  a few  hours  continuance.  But  now, 
if  this  fpring  had  its  origin  from  rain  and  vapours,  there  would 
be  an  increafe  and  decreafe  of  the  one,  as  there  (hould  happen  to 
be  of  the  other : As  aftually  it  is  in  fuch  temporary  fprings  as 
have  undoubtedly  their  fource  from  rain  and  vapours. 

But  befides  this,  another  confiderable  thing  In  this  Upmlnjler 
fpring  (and  thoufands  of  others)  is,  that  it  breaks  out  of  fo  in- 
confiderable  an  hillock,  or  eminence  of  ground,  that  can  have  no 
more  influence  In  the  condenfation  of  the  vapours,  or  flopping 
the  clouds,  (w'hich  the  malntainers  of  this  hypothefis  fuppofc,) 
than  the  lower  lands  about  it  have.  By  fome  critical  obferv- 
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the  fea;  and  many  of  them  through  fuch  large 
trads  of  land,  and  to  fuch  prodigious  diftances, 

' that 


ations  I made  with  a very  nice  portable  barometer,  I found  that 
niy  houfe  ftands  between  8o  and  90  feet  higher  than  the  low 
water  mark  in  the  river  of  Thames^  neareft  me  ; and  that  part  of 
the  river  being  fcarce  30  miles  from  the  fea,  I guefs,  (and  am 
more  confirmed  from  fome  later  experiments  I made  nearer  the 
fea,)  that  we  cannot  be  much  above  loo  feet  above  the  fea.  The 
fpring  I judge  nearly  level  with  or  but  little  higher  than  where 
my  houfe  ftands  ; and  the  lands  from  whence  it  immediately  if- 
fucs,  I guefs  about  15  or  20  feet  higher  than  the  fpring;  and 
the  lands  above,  that,  of  no  very  remarkable  height.  And  in- 
deed, by  adual  meafure,  one  of  the  higheft  hills  I have  met 
within  EJfex  is  but  363  feet  high  {Vid.  Phil  Tranf.  No.  313. 
p.  t6.)  ; and  I guefs  by  fome  very  late  experiments  I made,  nei- 
ther that,  nor  any  other  land  in  EJfex,  to  be  above  400  feet  above 
the  fea.  Now  w-hat  is  fo  inconfiderable  a rife  of  land  to  a peren- 
nial co^enfation  of  vapours,  fit  to  maintain  even  fo  inconfider- 
able  a fountain,  as  what  I have  mentioned  is  ? Or  indeed  the 
high-lands  of  the  whole  large  county  of  EJex,  to  the  maintain- 
ing of  all  Its  fountains  and  rivulets  ? 


But  I fhall  no  farther  profecute  this  argument,  but  refer  to 
learned,  curious,  and  induftrious  Dr.  Plot’s  Tentamen. 
Phil  de  Ortg.  Font,  m which  he  hath  fully  difeuffed  this  matter. 

As  to  the  manner  how  the  waters  are  raifed  up  into  the 
raountams  and  higher  lands,  an  eafy  and  natural  reprefentation 
may  be  inade  of  it,  by  putting  a little  heap  of  fartd,  afhes,  or  a 

w'll^  ^ of  water ; w^hcre  the  fand 

tb  ‘1^0  l^^fon  of  water 

the  fea  about  it.  And  as  the  water  in  the  bafon  rifeth  to,  or 

near  the  top  of  the  heap  in  it,  fo  do  the  waters  of  the  fea  ' 

I ‘^^^0  to  be  the  fame 
with  the  afeent  of  liquids  m capillary  tubes,  or  between  conti- 

Sven  us  f Artificer  in  air-pumps,  Mr.  hath 

p.  i°39^'  contemptible  experiments,  in  his  Phyf.  Mech, . 
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that  it  is  a great  wonder  the  fountains  fhotild  be 
high  enough  (^),  or  the  feas  low  enough,  ever  to 
afford  fo  long  a conveyance.  Witnefs  the  Danube  {b) 
and  Wolga  of  Europe^  the  Nile  (i)  and  the  Niger  (b) 
of  4/r/V,  the  Ganges  (/)  and  Euphraies  of  Afta,  and 
the  Ama%ens  rivet  (;«)  and  Rio  de  la  Plata  of  Ame- 

rica. 

Among  the  many  caufes  afligned  for  this  afcent  of  HquoiSj 
kliere  are  two  that  bid  the  faireft  for  it,  w'z.  the  Prejfure  of  the  At- 
mofphere,  and  the  Newtonian  AltraElion.  That  It  is  not  the  former* 
appears  from  the  experiments  fucceeding,  as  well,  or  better  in 
vacuo,  In  the  open  air,  the  afcent  being  rather  fwifter  in 
vacuo.  This  then  being  not  the  caufe,ifhall  fuppofe  the  other  is  ; 
blit  for  the  proof  thereof,  I fhall  refer  to  fome  of  our  late  EngUfb 
authors*  efpecially  fome  very  late  experiments  made  before  our 
moft  famous  R.  S.  which  will  be  fo  well  Improved  by  fome  of 
that  Illuftrlous  body,  as  to  go  near  to  put  the  matter  out  of  doubt. 

See  Booh  III.  Chap.  iv. 

(A)  The  Danube,  in  a fober  account,  performs  a courfe  of  above 
1500  miles  (/.  e.  in  a ftrait  line)  from  its  rife  to  its  fall. — Bohun’s 
Geogr.  Dift. 

(«■)  TraBiis  fc.  Longitudo  [Nilij  efl  milUarium  circiter  63a 
Germ,  five  Ital.  2520,  pro  qtiibus  poncre  licet  30CX)  propter  curva- 

turas. “ The  courfe,  that  is  to  fay  the  length,  of  the  Nile,  Is 

about  630  German,  or  2520  Italian  miles  ; Inftead  of  which  you 
hiay  reckon  3000,  on  account  of  the  windings  of  the  river.” — 
Varen,  Geogr.  1.  i.  c.  16.  p.  27. 

(/’)  Varcne  reckons  the  courfe  of  the  Niger,  at  a middle 
computation,  600  German  miles,  that  is,  2400  Italian. 

(/)  That  of  the  Ganges  he  computes  at  300  German  miles. 
But  if  we  add  the  cuiwatures  to  thefe  rivers,  their  channels  are  of 
a prodigious  length. 

(ot)  Oritur,  flumen  ( quod plerumque  Amasconum,  iifc.J  haudpro~ 
eul  ^uito  in  montibus.  — Cum  per  leucas  Hifpanicas  I35^>  curfum  ah 
occidentein  oriehtem  continudrit,  oflio  84  leucas  lato — in  occasium prseci^ 
pitatur>-~**‘  The  river  of  the  Amaaons,  as  it  is  commolily  called, 

arifes 
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rica,  and  many  others  which  might  be  named 
fome  of  which  are  faid  to  run  above  5000  miles, 
and  fome  no  lefs  than  .6000,  from  their  fountains 
to  the  fea.  And  indeed  fuch  prodigious  convey- 
ances of  the  waters  make  it  manifeft,  that  no  acci- 
dental curr^.ts  and  alterations  of  the  Waters  them* 
felves,  no  art  or  power  of  man,  nothing  lefs  than 
the/.2/  of  the  Almighty,  could  ever  have  made,  or 
found,  fo  long  and  commodious  declivities,  and 
channels  for  the  paflage  of  the  waters.  ' 


anfes  in  the  mountains  near  to  Quito.  After  continuing  its 
courfe  for  1356  Spanifli  leagues,  from  weft  to  eaft,  it  difgorges 

itfelf  into  the  ocean,  by  a mouth  of  84  leagues  in  breadth.” 

Chr.  D'Acugna  Relatio  dejlumine  Amaz.  in  Aa.  Erud.  Aug.  1683. 
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CHAP.  VI. 

The  great  Variety  and  ^antity  of  all  Things  upon^ 
and  in  the  Terraqueous  Globe,  provided  for  the 
Ufes  of  the  World. 

'JpHE  lafl;  remark  I ftiall  make  about  the  Terra- 
queous Globe  in  general  is,  the  great  variety 
of  Idnds,  or  tribes  *,  as  well  as  prodigious  num- 
ber of.  individuals  of  each  various  tribe,  there  is  of 
all  creatures  {a).  There  are  fo  many  beafts,  fo 

many 

(fl)  Non  dot  Deus  bencfcia  P Unde  ergo  ijla  qua  pojjides  ? 

Unde  hac  innumerabiliai  oculos,  aures  iff  animum  mulcenlia  ? Unde 
ilia  luxuriam  quoque  injlruens  copia  ? Neque  enim  necefitatibus 
tantummodo  nofris  provifum  ejl : ufque  in  delicias  amamur.  Tot 
arbifia,  non  uno  modo  frugifera,  tot  herba  falutares,  tot  varietaies 
tiboruniy  per  totum  annum  digejla,  iit  inerti  quoque  fortuifa  terra 
aliment  a praberent.  Jam  animalia  omnis  generis,  alia  in  ficco,  c. 

— ut  omnis  rerum  natura  pars  tributum  aliquod  nobis  conferret. — 
“ Does  not  God  confer  benefits  ? ■ Whence  then  are  thofe 

that 


* The  invention  of  the  hiicrofcope  has  increafed  our  know- 
ledge of  tlie  variety  of  organized  bodies  in  a moft  amazing  de- 
gree. Mr.  Adams,  in  his  excellent  treatife  on  that  inllrument,  has 
in  the  following  paragrapli  detailed  the  chief  advantage  we  de- 
rive from  it  in  the  lludy  of  Nature  : “ The  microfcope,”  fays  he, 
“ extends  the  boundaries  of  the  organs  of  vifion,  enables  us  to 
examine  the  llrudlure  of  plants  and  animals  ; prefents  to  the  eye 
myriads  of  beings  of  whofe  exiftencc  we  had  before  formed  no 
idea  opens  to  the  curious  an  inexhauillefs  fourccof  information 
and  pleafure  ; and  funiifhes  the  philofopher  with  an  unlimited 
field  df  invettigation.  It  leads,  to  ufe  the  words  of  an  ingenious 
writer,  to  tlie  difcovery  of  a thoufand  wonders  of  ITu  hand,  who 

created 
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many  birds,  fo  many  infers,  fo  many  reptiles,  fo 
many  trees,  fo  many  plants  upon  the  land  j fo 

many 

that  thou  poffcfleft  ? V^Tience  thefe  innumerable  objefts  fo 
grateful  to  the  eye,  the  ear,  and  the  underttandlng  ? Whence 
thofe  fupph'es  even  of  the  moll  varied  luxuries  ? For  not  only- 
are  our  wants  fupph’ed ; even  our  pleafure  and  delight  is  pro- 
vided for.  So  many  fruitful  flirubs,  fo  many  wholefome  herbs, 
fuch  variety  of  ah’ment  provided  for  every  feafon ; that  the 
earth  offers  its  fruits  even  to  the  indolent,  who  bellow  no  care 
in  its  cultivation.  Animals  of  all  kinds,  fome  belonging  to  the 
land,  and  others  to  the  waters  ; fo  that  every  part  of  Nature 
feems  to  pay  its  tribute  to  man”-~.Senec.  de  Benef.  1.  4.  c.  5. 
vbi  plura  vide. 

HiCf  ubt  hablioTnus  non  intennittit  Juo  tempore  ccelum  nitejcercy 
Mrbores  frondefcere — turn  multitudinem  pecudum  partim  ad  vefcen- 
dum,  partim  ad  cultus  agrorum,  partim  ad  vehendum,  partim  ad 
corpora  vejlienda ; hominemque  ipfum  quafi  contemplatorem  cali  ac 
deorum,  ipforumque  cultorem. — Htec  igitur,  alia  innumerabiliu 
cum  cernimus,  pojfumufne  dubitare,  quin  his  preefit  aliquis  veleJeSory 
Ji  hac  natafunt,  ut  Platoni  videtur  : vel  ji  femper  fuerint,  ut  Arijlo^ 
teli  placet,  moderator  tanti  operis  muneris  In  thofe  re- 
gions which  we  inhabit  there  is  an  invariable  return  of  the 
vernal  feafon,  and  the  renewal  of  vegetation. — Then,  what  a 
multitude  of  cattle,  partly  for  food,  and  partly  for  the  cultiva- 
tion of  the  ground  ; fome  dellined  for  burden,  and  others  for 
fupplying  us  with  raiment.— And  man  too,  whofe  intelleft  pe- 
^^trates  almoll  into  the  nature  of  the  Gods  whom  he  worfliips, 
— Can  we  then,  while  we  furvey  thefe,  hefitate  to  pronounce, 
that  if,  according  to  Plato’s  opinion,  they  are  produced  at  all, 

_ they 

created  ourfelves  as  well  as  the  objefts  of  our  admiration ; it 
improves  the  faculties,  exalts  the  comprehenlion,  and  multiplies 
the  inlets  to  happinefs,  is  a new  fource  of  praife  to  him  to 
whom  all  we  pay  is  nothing  of  what  we  owe  ; and  while  it 
pleafes  the  imagination  with  the  Unbounded  treafures  it  offers 
to  the  view,  it  tends  to  make  our  whole  life  one  continued  afl 
of  admiration.  Editor. 
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many  fillies,  fea-plants,  and  other  creatures  in  the 
waters ; fo  many  minerals,  metals,  and  fofiiles  in 
the  fubterraneous  regions  ; fo  many  /peeks  of  thefe 
genera,  fo  many  individuals  of  thofe  fpecies^  that 
there  is  nothing  wanting  to  the  ufe  of  man,  or 
any  other  creature  of  this  lower  w-^orld.  If  every 
age  doth  change  its  food,  its  way  of  cloathing,  its 
■way  of  building ; if  every  age  {b)  hath  its  variety 
of  difeafes  ; nay,  if  man,  or  any  other  animal, 
was  minded  to  change  thefe  things  every  day,  ftill 
the  creation  would  not  be  exhaufted.  Hill  nothing 
would  be  wanting  for  food,  nothing  for  phy- 
fick,  nothing  for  building  and  habitation,  nothing 
for  cleanlinefs  and  refrelhment,  yea,  even  for  re- 
creation and  pleafure.  But  the  munificence  of 
the  Creator  is  fuch,  that  there  is  abundantly 
enough  to  fupply  the  wants,  the  conveniencies, 
yea,  almoH  the  extravagancies 'of  all  the  creatures 
in  all  places,  all  ages,  and  upon  all  occafions. 

they  miift  have  been  the  efFeft  of  fome  Almighty  Caafe  ? — Or  if, 
as  Arillotle  thought,  they  have  exifted  from  eternity,  that 
there  is  a Sovereign  Ruler  and  Difpofer  of  this  great  ftnuEture 
and  arrangement  of  things  — Cic.  Tufe.  1.  i.-  c.  28,  29. 

(3)  Sunt  iff  gentium  dijferentk  non  mediocres — qux  contemplatio 
auferl  rurfus  nos  ad  ipforum  animalium  naturas,  ingenitafque  Its  vel 
certiores  niorborum  omnium  medicinas.  Enim  verb  rerum  omnium 
Parens,  nullum  animal  ad  hoc  tanUim  ul  pafeeretur,  aut  alia  fatiarei 
nafei  voluit : artefquc  falutares  iis  infemeril. — “ There  is  like- 
wife  a confiderable  diverfity  of  the  fpecies  in  different  nations. 
— Arid  this  confidcration  leads  us  to  remark  the  nature  of 
animals,  and  the  innate  medicinal  qualities  which  they  poflefs, 
for  the  cure  of  all  difeafes.  For  the  univerfal  Parent  has  not 
produced  any  animal  for  the  foie  purpofes  of  preferving  its  own 
exiftence,  or  fupplying  food  to  others.  He  has  given  all 
animals  certain  medicinal  virtues.” — PUn.  Nat.HiJl,  1.  27.  c.13. 

And 
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And  this  may  ferve  to  anfwer  an  objedlon 
againfl;  the  excellency  of,  and  wifdom  fhewed  in, 
the  creation ; namely,  what  need  of  fo  many  crea- 
tures (c)  ? Particularly  of  fo  many  infeits,  fo 
many  plants,  and  fo  many  other  things  ? And 
efpecially  of  feme  of  them,  that  are  fo  far  from 
being  ufeful,  that  they  are  very  noxious  ; fome  by 
their  ferity,  and  others  by  their  poifonous  nature, 
Ssfr. 

To  which  I might  anfwer,  that  in  greater  va- 
riety, the  greater  art  is  feen ; that  the  fierce,  poi- 
fonous, and  noxious  creatures  ferve  as  rods  and 

K 

(c)  This  was  no  very  eafy  queftion  to  be  anfwered  by  fuch 
as  held,  that  all  things  were  mad^  for  man;  as  moft  of  the 
ancients  did;  ‘os,  Arijlotle,  Seneca,  Cicero,  md.  Pliny  (to  name 
only  fpme  of  the  chief).  And  Cicero  cites  it  as  the  celebrated 
Chrypppus\^  opinion,  Praclare  enim  Chryfppus,  cetera  nata  ejfe  ho- 
minum  causa,  ^ deorum.~^‘  For  Chryhppus  rightly  judged  that 
all  things  were  created  for  man  and  for'  the  Gods.” — De  fn. 
Ion.  fff  mal.  1.  3.  And  in  his  De  Nat.  Deor.  1.  2.  fn.  he  feri- 
rioufly  proves  the  world  itfelf  to  have  been  made  for  the  Gods 
and  man,  and  all  things  in  the*  world  to  have  been  made  and 
contrived  for  the  benefit  of  man  [parala  izf  inveMa  ad  fruaum 
hominum,  are  his  words).  So  Pliny  in  his  preface  to  his  7th 
book  faith.  Nature  made  all  things  for  man  ; but  then  he 
makes  a doubt,  whether  flie  fhewed  herfelf  a more  indulgent 
parent,  or  cruel  ftep-mother,  as  in  book  iv.  chap.  12.  note  2. 
But  fince  the  works  of  God  have  been  more  difeovered,  and 
the  limits  of  the  Univerfe  have  been  found  to  be  of  infinitely 
greater  extent  than  the  ancients  fuppofed  them  ; this  narrow 
opinion  hath  been  exploded.  And  the  anfwer  will  be  found 
cafy  to  thefe  queftions.  Why  fo  many  ufelefs  creatures  ? In 
tlie  Heavens,  Why  fo  many  fix’d  ftars,  and  the  greateft  part 
of  them  fearce  v.'llble  >.  Why  f„eh  fyftems  of  planets,  as  in 
Wa,  &c.  (Sx  my  JJIrc-Tbolm.)  In  the  earth 
And  waters,  Wliy  fo  many  creatures  of  no  ufe  to  man  ? 

^ 3 fcourges 
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fcourges  to  chaflife  us  (<i),  as  means  to  excite  our 
wifdom,  care,  and  induftry,  with  more  to  the 

fame 

{(i)  Nec  minus  clara  exttii  documenta  funl  etiam  ex  conitmnendis 
anmahbus.  M.  Varro  author  ejl  a cuniculis  fufojfum  in  Hifpa- 
nta  optdum,  a talpis  in  Thejfalid : ah  ranis  civitatem  in  Gallid 
pulfam,  ab  locujlis  in  Africa : ex  Gyaro  Cycladum  infuld,  incolas 
amurtbus  fugatos  ; in  Italia  Amydas  a ferpeniibus  delatas.  Ciira 
Cynamolgos  Mthhpas  late  deferta  regio  ejl,  ' a fcorpionihus  ^ 
folpugts  gente  fublatd : h fcohpendris  aba^los  Trerienfes,  author 

eji  TheophraJus.—<^  And  there  are  ftrong  proofs  of  the  deftruc- 
tivc  powers  of  even  the  moft  contemptible  animals.  M.  Varro 
tells  us  of  a town  in  Spain  that  was  undermined  by  rabbits, 
and  of  another  in  Theflaly  by  moles  ; of  a town  in  Gaul  from 
which  the  inhabitants  were  diiven  out  by  frogs  ; of  pother  in 
Africa,  defolated  by  locufts.  He  relates  how  the  inhabitants 
of  Gyarus,  one  of  the  Cyclades,  were  expelled  by  mice,  and 
that  the  Amycl®  in  Italy  were  put  to  flight  by  ferpents.  Be- 
yond  the  country  of  the  Cynamolgi  Ethiops,  there  is  a wide 
extended  region  which  is  quite  deferted  by  its  inhabitants  on 
account  of  fcorpions  and  venomous  pifmires  j and  Theophraftus 
informs  us,  that  the  inhabitants  of  Triers  were  driven  out  of 
their  conntTY  hj  fcolopendral’—Plin.  Nat.  Hyi.  1.  8.  c.  29. 

To  thefe  inllances  may  be  added,  the  plague  they  fomc- 
times  fuffer.from  a kind  of  mice  (they  call  leming,  leminger,  lem- 
mus,  &c. ) in  I/orivay,  which  eat  up  every  gi'een  thing.  They 
come  in  fneh  prodigious  numbers,  that  they  fancy  them  to 
fall  from  the  clouds  ; but  01.  Magnus  rather  thinks  they  come 
from  fome  of  the  illands,  Hijl,  1.  8.  c.  2 If  the  reader  hath  a 
mind  to  fee  a large  account  of  them,  with  a difpute  about 
their  generation,  a handfome  cut  of  them,  with  the  prayers, 
and  an  exorcifm  againft  them  ufed  in  the  church  of  Rome,  I 
fhall  refer  him  (it  being  too  tedious  tp  recite  in  thefe  Notes) 
to  Mufaum  Wormian.  1.  3.  c.  23. 

^are  patimur  multa  mala  a creaturd  quam  fec'U  Deusj  nifi 
quia  ojfendimus  Dcum  ? — Ne  pand  tud  peccaium  tuum  accufay  non 
judicem.  Nam  propter  fuperbiam  injlituit  Deus  creaturam  ijlam 
viinimam  abJeSi^mamy  ut  ipfa  nos  torquerety  ut  cum  fuperbus 
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fame  purpofe.  But  thefe  things  have  been  fully 
urged  by  others } and  it  is  fufficient  to  fay,  that 

this 


fuerit  homo,  fe  jaBavent  adverfus  Deum, — cum  fe  erexertf,  pu- 

Ucibus  fuldatur.  ^dd  ejl,  quod  te  injlas  himana  fuperhid  ? — Puh~ 
c'thus  rejijle,  ut  dormias.  Cognofce  qui  Jis,  Nam  propter  faper^ 
biam  nqftram  domandam — creata  ilia  qite  molejla  funt ; popidum 
Pharaonh  fuperhim potuit  Deus  domare  de  urfts,  de,  iff  c.  Mufeas 
iff  ranas  ilUs  immyit,  ut  rebus  vilijjimis  fuperbia  domaretur.  Omnic^ 
ergo  per  Jpfum -faefa  funt ; iff  fine  Ipfo  faBum  ejl  nihil. — 

Why  do  we  fuffer  fo  many  evils  from  God’s  creatures,  un- 
lefs  becaufe  we  have  ofFendi^d  God  ? — Blame  thyfclf  for  thy 
punilhment,  and  not  thy  Judge.  For  God,  to  punifh  our  pride, 
has  fubjefted  us  to  fuffer  pain  from  the  fmalleft  and  meaneft 
infeft.  Man  who  in  his  pride  boalls  himfelf  againft  hia 
Maker,  feels  p&in  from  the  fting  of  a flea.  Why  art  thou  fo 
puffed  up  and  elated  ? A flea  fhall  deprive  thee  of  fleep.— r 
Know  better  who  thou  art-, — For  even  to  quell  that  pride  and 
arrogance  of  thme,  thofe  offenfive  infefts  were  perhaps  called 
into  exiftenpe,  God  by  means  of  bears,  and  of  the  nobler  animals, 
might  have  fubdued  the  haughty  Egyptians.  But  he  employed 
flies  and  frogs,  that  he  might  quell  their  pride,  even  by  the 
meaneft  of  his  creatures. — All  was  created  for  Him,  and 
without  Him  was  nothing  brought  into  Being.” — Avrufl, 
TraB.l.  in  S.  Johan. 

But  although  the  infinitely  wife  Creator  hath  put  it  in  the 
power  of  fuch  vile  animals  to  chaftife  us,  yet  hath  he  ftiewed 
no  lefs  wifdom  and  kindnefs  in  ordering  many,  if  not  moft  of 
them  fo,  as  that  it  fhall  be  in  the  power  of  man,  and  other 
creatures,  to  obviate  or  efcape  their  evils.  For,  beiides  the 
noble  antidotes  afforded  by  minerals,  vegetables,  iffc.  many, 
if  not  moft  of  our  European  venomous  animals  carry  their  cure, 
as  well  as  poifpn,  in  their  own  bodies.  The  oil,  and,  I doubt 
not,  the  body  of  fcorpdons  too,  is  a certain  remedy  againft  its 
ftroke.  lee,  <wafp,  or  hornet,  crufhed  and  rubbed,  and 

bound  upon  the  place,  I have  always  found  to  be  a certain 
cure  for  the  fting  of  thofe  creatures.  And  I queftion  not,  but 
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this  great  variety  is  a-  moft  wife  provifion  for  all 
the  ufes  of  the  world  in  all  ages,  and  all  places. 
Some  for  food,  fome  for  phyfic  (e),  fome  for 

habitation, 

the  fle{h,  efpecially  the  head,  of  vij>ers,  would  be  found  a re- 
medy for  their  bites. 

Our  vippr -catchers  have  a remedy,  in  which  they  place  fo  great 
eonjidence,  eis  to  be  no  more  afraid  of  the  bite  [^of  a viper]  than 
of  a common  punBure,  immediately  curing  themfelves  by  the  appli- 
cation of  their  fpecifc.  This,  though  they  keep  a great  fecret,  I 
have,  upon  flriB  enquiry,  found  to  be  no  other  than  Axungia  Vi- 
perina,  prefently  rubbed  into  the  wound.  This  remedy  the  learned, 
doftor  tried  himfelf  with  good  fuccefs,  in  a young  dog  that 
was  bitten  in  the  nofe.  .Vide  Mead  of  Poifons,  p.  29. 

And  as  to  the  means  to  efcape  the  mifchief  of  fuch  noxious 
animals,  befides  what  may  he  effedfed  by  the  care,  induftry, 
and  fagacity  of  man  ; fome  of  them  are  fo  contrived  and  made, 
as  to  give  warning  or  time  to  creatures  in  danger  from  them, 
Thus,  for  inftance,  the  rattle-fnake,  the  moft  poifonous  of  any 
ferpent,  who  darts  its  poifonous  vapours  to  fome  diftance,  and 
in  all  probability  was  the  baftlijh  of  the  antients,  faid  to  kill 
with  its  eyes,  this  involuntarily  gives  warning  by  the  rattle  in 
its  tail.  So  the  Jhark,  the  moft  rapacious  animal  of  the  winters, 
is  forced  to  turn  himfelf  on  his  back  (and  thereby  gives  an 
opportunity  of  efcape)  before  he  can  catch  his  prey, 

(e)  Hac  fola  Ncitura  placuerat  effe  remecfia  parata  vulgo,  in- 
ventu  facilia,  ac  fine  impendio,  ex  quibus  vivimus.  Poflea  fraudes 
hominum  CS*  ingeniorum  capture  ofjicinas  invenire  iflas,  in  quibus 
fua  cuique  homini  venalis  promittitur  vita.  Statim  compoftiiones  (if 
mifluree  inexplicabiles  decantantur.  Arabia  atque  India  in  medio 
ajlimantur,  ulcerique  parvo  medicina  a Rubro  mari  imputatur,  cum 
remedia  vera  quotidie  pauperrimus  quifque  canet. — “ Nature  knows 
no  other  medicines  than  what  are  eafily  fupplicd,  without  coll 
or  labour,  from  the  aliments  on  which  we  feed.  The  frauds, 
indeed,  of  man,  and  the  artifices  of  ingenuity,  have  eftablilhed 
thofe  laboratories  in  which  we  are  taught  that  life  is  to  be 
bought  for  money.  We  are  peftered  with  nojlrums  and  inex- 
plicable compofitions.  We  muft  feck  medicines  from  Arabia 

and 
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habitation,  fome  for  utenfils,  fome  for  tools  and 
inftruments  of  work,  and  fome  for  recreation  and 
pleafure,  either  to  man,  or  to  fome  of  the  inferior 
creatures  themfelves ; even  for  which  inferior 
creatures,  the  liberal  Creator  hath  provided  all 
things  neceffary,  or  anyways  conducing  to  their 
happy,  comfortable  living  in  this  world,  as  well  as 
for  man. 

And  if  is  manifell;,  that  all  the  creatures  of 
God,  beads,  birds,  infefts,  plants,  and  every  other 
genus^  have,  or  may  have,  their  feveral  ufes  even 
among  men  *.  For  although  in  one  place  many 

and  from  India  ; and  for  a trifling  fore,  a remedy  rnuil  be  im- 
ported^ from  the  Red  Sea,  when  the  pooreft  peafant  has  a 
better  in  thofe  Ample  aliments  on  which  he  daily  feeds.— P/w, 
1.  24.  c.  I. 

Non  fponle  fiid  ex  tellure  germlnant  herla  qute  contra  quofcunque 
morbos  accommodata  funt ; fed  C£  voluntate  opificis,  ad  nojlram  utilU 
ialem  produSce  funt. — “ Thofe  herbs  are  not  fpontaneoufly 
brought  forth  by  the  earth  which  are  accommodated  to  all 
difeafes ; but  human  induftry  is  requifite  towards  their  produc- 
tion.— Bafd,  Afcet.  tom,  2. 

Confuk  here X.  note  {%),  (aa),  (bb). 


rV‘  objefted,”  fays  Mr.  WoUafton,  (Religion 

o Nature,  fed.  5.),  “ that  many  things  feem  to  be  ufelefs,  many 
births  are  monftrous,  or  the  like,  fuch  anfwers  as  thefe  may  be 
made.  The  ufes  of  fome  things  are  known  to  fome  men  and 
not  to  others ; the  ufes  of  fome  are  known  now  that  were  not 
known  to  any  fotmerly  , the  ufes  of  many  may  be  known  here- 
after ; and  thofe  of  fome  other  things  may  for  ever  remain 
nnknown  to  all  men,  and  yet  & 1«  ATntore,  as  much  as  thofe 
ddcovered  were  before  their  dlfcovery,  or  arc  now  In  refpea 
Ot  them  who  know  them  not.”  Editor 


things 


B.  It. 


^ Variety  of  things 

things  may  lie  negle£led,  and  out  of  ufe,  yet  in 
other  places  they  may  be  of  great  ufe.  So  what 
hath  feemed  ufelefs  in  one  age,  hath  been  received 
in  another  j as  all  the  new  difcoveries  in  phyfic, 
and  all  the  alterations  in  diet  do  fufficiently  wit- 
nefs.  Many  things  alfo  there  are  which  in  one 
form  may  be  pernicious  to  man ; but  in  another 
of  great  ufe.  There  are  many  plants  (/),  many 

' ■ • animals, 

{J)  Among  poifonous  vegetables,  none  more  famous  of  old 
than  hemlock,  accounted  at  this  day  alfo  very  dangerous  to  man, 
of  which  there  are  fome  difmal  examples  in  our  Phil.  Pranf. 
Wepfer,  3cc.  But  yet  this  plant  is  food  for  ^oa/s,  and  its  feeds 
to  buftards  } and  as  Galen  faith,  to  Jlarlingi  alfo.  Neither  is 
this  fo  pernicious  a plant,  only  food,  but  alfo  phyfic  to  fomc 
animals.  An  horfe  troubled  with  the  farcy,  and  could  not  be 
cured  with  the  moll  famed  remedies,  cured  himfelf  of  it  in 
fhort  time,  by  eating  hemlock,  of  which  he  eat  greedily.  Vide 
Phil.  No.  231.  jdnd  a woman  which  wot  cured  of  the 

plague,  hut  wanted  Jkep,  did  with  very  good  effeS  eat  hemlock 
for  fome  time  } till falling  ill  again  of  a fever,  and  having  left  off 
the  ufe  of  this  remedy,  he  f Nic.  Fontanus]  endeavoured  to  procure 
her  rejl  by  repeated  dofes  of  opium,,  which  had  no  operation,  till 
the  help  of  cicuta  was  again  called  in  with  dejired fufcefs,  Mead, 
of  Poif.  p.  144  *. 

And 


* The  cicuta  is  now  very  generally  ufed  in  medicine.  The 
experiments  of  Dr.  Storck  have  flicvm  it  to  be  poflefled  of  very 
powerful  refolvent  qualities  in  difeafes  of  a cancerous  nature, 
and  in  ferophula.  It  is  commonly  ufed  in  dofes  of  two  or 
three  grains  of  the  powdered  leaves  a day ; and  fometimes  an 
extraft  of  the  feeds  of  the  plant  is  given  with  equal  good 
efieft. 

Thus  It  may  be  referved  for  future  ages  to  difeover  medi- 
cinal ufes  for  all  thofe  vegetables  which  arc  at  prefcnt  known  only 
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animals,  many  minerals,  which  in  one  form  deftroy, 
in  another  heal,  The  Cajfada  plant  unprepared 

poifoneth. 

And  not  only  hmlockt  but  many  other,  if  not  moft  plants 
accounted  poifonous,  may  have  their  great  ufe  in  medicine : 
of  which  take  the  opinion  of  an  able  judge,  ifiy  ingenious  and 

learned 


for  their  noxious  qualities.  Even  the  dreadful  upas  or  polfon  tree 
of  the  Ifland  qf  Java,  which  is  faid  to  depopulate  the  country 
for  twelve  or  fourteen  miles  around  the  place  of  its  growth,  and 
create  for  itfelf  a folitude  where  no  living  creature,  nor  even 
plant,  except  Itfelf  can  exift,  may,  in  after  times,  be  found 
to  be  pofleffed  of  properties  ferviceable  to  man.  The  accounts 
given  by  naturalifts  of  this  tree  are  fo  extraordinary,  that  they 
have  to  many  feemed  a fiftion  of  the  imagination.  We  are 
informed,  that  Mr.  Foerfeh,  a furgeon  in  the  fervice  of 
the  Dutch  Eaft  India  Company,  ftimulated  by  an  eager  cu- 
riofity  to  inveftigate  the  truth  pf  thefe  accounts,  procured  a 
pads  from  the  Governor  of  Batavia,  and  travelled  to  the  nearefb 
inhabited  fpot,  which  is  about  fifteen  miles  from  the  tree.  Here 
an  old  prieft  refides  by  appointment  of  the  Emperor,  whofe 
office  it  is  to  prepare  for  eternity  the  fouls  of  thofe  unhappy 
wretches  who  for  their  crimes  are  fentenced  to  procure  poifon 
from  the  upas  tree,  an  enterprize  which  not  above  one  perfon 
out  of  ten,  who  attempt  it,  lives  to  accomplifh.  The  prieft  in- 
formed Mr.  Foerfeh,  that  he  had  difpatched  above  700  crimi- 
nals on  that  expedition,  and  that  the  accounts  of  all  who  re- 
turned were  perfeftly  correfpondent  to  each  other.  The  tree  i# 
of  a middling  fize,  and  ftands  on  the  border  of  a rivulet,  having 
five  or  fix  young  trees  of  the  fame  fpecies  clofe  by  it,  but  no 
other  plant  or  flinib  is  fecn,  not  even  a blade  of  grafs,  for  many 
miles  around.  The  ground  is  of  a brown  fand,  full  of  ftones, 
and  covered  with  dead  bodies.  It  can  only  be  approached  with 
fafety  when  the  wind  blows  towards  the  tree,  and  the  wind  in 
that  latitude  is  perpetually  fliifting.  The  perfon  who  arrives 
at  the  end  of  this  hazardous  journey,  having  his  head  and  face 

covered 


VARIETY  OF  THINGS 


52 


5.  II. 


poifoneth,  but  prepared,  is  the  very  bread  of  the 


learned  friend  Dr.  Tancred  Robinfon,  in  a letter  I have  of  his 
to  the  late  great  Mr.  Ray,  of  Nov.  7,  1604,  viz.  According  to 
my  promife,  I here  fend  you  a feiv  obfervations  concerning  form 
plants,  feldom  ufed  in  medicine,  being  ejleemed  poifonous,  vjh  'uh  if 
truly  correBed,  or  exaBly  dofed,  may  perhaps  prove  the  mofl  powr- 
ful  and  eJfeBual  medicines  yet  known.  Having  then  given  an  ac- 
count of  fome  of  their  correftives,  he  glyes  thefe  following  ex- 
amples, vice.  I . The  hellebores  incorporated  with  a fapo,  or  alkaly- 
falts  alone,  are  fuccefsful  remedies  in  epilepftes,  vertigos,  palfies, 
lethargies,  and  manias.  Dof.  3 j.  to  j 2.  The  Radic. 
AJfari,  Cicuta,  and  the  Napellus,  in  agues  and  periodical  pains. 
Hof,  3 j.  3 ft-  3-  The  hyofeyamus  in  hamorrhagies,  violet 
heats  and  perturbation  of  the  blood,  and  alfo  in  all  great  inflamma- 
tions. Dof.  3 j*  ^0  3 The  femen  Jlramonie  is  a very  good 

anodyne,  ufeful  in  Vigilia's,  rheumatifms,  hyjleric  cafes,  in  all  the 
orgafms  of  the  blood  or  fpirits,  and  wherever  there  is  an  inchca- 
tion  for  a paregoric.  Dof.  3 j*  ^0  3 S'  Elaterium  thus  cor- 
reBed, may  be  given  from  gr.  x.  to  xv.  in  hy  dr  apical  cafes,  without 
any  fenfible  evacuation  or  dijlurbance.  So  may  the  foldamlla  and 
gratiola  in  greater  dofes.  6.  Opium  correBed  as  afore -mentioned, 
lofes  its  narcotick  faculty,  and  may  be  given  very  fafely  in  great 
dofes,  and  proves , more  than  ufually  prevalent  in  convulfive  cafes, 
fluxes,  catarrhs,  and  all  painful  paroxyfms,  &c. 


covered  with  a leather  cap  wn'th  glafs  eyes,  haftlly  thrulls  a 
few  reeds  obliquely  Into  the  bark  of  the  tree,  and  draws  them 
out  filled  at  the  end  with  its  juice,  which  is  of  a refinous  nature. 
The  Malayans  ufe  it  In  poifoning  arrows,  and  the  wound  Is 
mortal  in  a few  minutes.  Mr.  Foerfeh  faw  thirteen  of  the  Empe- 
ror’s concubines  convidled  of  infidelity  to  his  bed  folemnly  put 
to  death  by  the  wound  of  a polfoned  lancet ; they  died  in  the 
greateft  agonies  within  the  fpace  of  fixteen  minutes.  Botanic 
Garden  by  Darwin,  notes.  This  account,  however,  is  dlfcre- 
dited  in  Sir  George  Staunton's  Narrative  of  the  Embaffy  to  China, 
4to  Edit.  1797*  Vol.  I.  Editor. 

Weji 
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We^  Indies  (g).  Vipers  and  Scorpions,  and  many 
minerals,  as  deftrudive  as  they  are  to  man,  yet 
afford  him  fome  of  his  beft  medicines. 

Or  if  there  be  many  things  of  little,  immediate 
life  to  man,  in  this,  or  any  other  age  ; yet  to  other 
creatures  they  may  afford  food  or  phyfic,  or  be 
of  fome  neceffary  ufe.  How  many  trees  and 
planets,  nay,  even  the  very  carcafes  of  animals,  yea, 
the  very  duff  of  the  earth  (/^),  and  the  moft  re- 
fufe,  contemptible  things  to  be  met  with ; I fay, 
how  many  fuch  things  are  either  food,  or  proba- 
bly medicine  to  many  creatures,  afford  them  re- 
treat, are  places  of  habitation,  or  matrixes  for  their 
generation,  as  lliall  be  fhewed  in  proper  place? 
The  prodigious  fwarms  of  infeas  in  the  air,  and 
in  the  waters,  (many  of  which  may  be  perhaps  at 
prefent  of  no  great  ufe  to  man,)  yet  are  food  to 
birds,  fifhes,  reptiles,  infeas  themfelves,  and  other 
creatures  (/),  for  whofe  happy  and  comfortable 
fubfiflience,  I have  faid  the  bountiful  Creator 


f of  any'pro^oifon  all  o^er.  th. 

Weft  Indies,  tn  the  hotter  parts,  and  is  ufed  to  viaual 

Jhips.  Dr.  Sloan’s  Nat.  Hift.  of  Jaipaica,  voJ.  i.  ch.  5.  fedt. 


12 


{h)  I have  fliewn  m the  Phil  Tranf  that  the pediculus  fatidi- 

cus,  mort,faga,pulfatonus,OTdeath-^atchth^^^^  defcribed,  feedeth 

upon  dull ; but  that  this  dull  they  eat,  is  powdered  bread, 

from  thel^  \ Powdered  earth  ; as  is  manifeft 

from  their  great  diligence  and  curiofity  in  hunting  among  the 

dull.  See  more  m Philof..  Tranf.  No.  291.  ^ 

(»)  Sctbookiy.chap.il. 


hath 
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hath  liberally  provided,  as  well  as  for  that  of 
man  *4 


* We  ought  hot  rafhly  to  conclude,  that  every  fpecici 
of  animals,  apparently  noxious  to  man,  is  in  reality  fo.  A few 
years  ago  fome  inhabitants  of  our  American  colonies  endea- 
voured to  extirpate  the  jack-daws  becaufe  they  fancied  that 
thofe  birds  did  much  mifchief  to  the  com ; but  in  proportio* 
as  the  number  of  jack-daws  diminiihed,  the  people  were  ftruck 
with  the  havock  made  by  an  enormous  multitude  of  worms, 
caterpillars,  and  particularly  may-bugs.  They  foon  ceafed  to 
perfecute  the  jack-daws,  and  in  proportion  as  thefe  encreafed 
they  found  themfelves  delivered  of  their  plague  of  vermin.  The 
author  who>  relates  this  faft,  with  others  of  a funilar  nature, 
(Mr.  Sturna,)  draws  the  following  juft  conclufion : “ Why 
Ihould  we  be  fo  felfiih  as  to  envy  to  animals  the  fmall  part  of  our 
provifions  which  they  require  for  food  ? Is  it  in  our  power  to 
confume  all  that  Nature  produces  ? Shall  we  want  any  thing 
for  our  fupport  or  pleafure  becaufe  the  birds,  the  rtiice,  and 
the  infefts  help  us  to  make  ufe  of  the  bleflings  which  God 
grants  in  fuch  profufion,  and  part  of  which  would  be  wafted, 
were  not  the  animals  to  feed  upon  it  ? Inftead  of  giving  way 
to  unjuft  complaints,  let  us  rather  in  this  acknowledge  the 
wlfdom  of  our  Creator.  Every  thing  in  Nature  is  connefted 
together.  No  creature  is  ufelefs,  or  placed  without  defigpi, 
although  the  ufe  of  many  animals  is  unknown  to  us.  Thus 
the  feeing  the  apparent  deftniftion  and  diforders  in  Nature 
ought  to  make  us  look  up  to  a God  who  has  created  nothing  in 
vain,  who  preferves  nothing  without  a reafon  ; and  who,  if  he 
permits  any  thing  to  be  deftroyed,  it  is  not  without  a wife  de- 
fign.  If  we  are  thoroughly  convinced  of  thefe  truths,  all  the 
works  of  God  will  lead  us  to  glorify  and  blefs  him." 

With  regard  to  birds,  “ their  ufes,”  fays  Linnaeus,  “ in  the 
ceconomy  of  Nature,  and  for  the  purpofes  of  mankind  are  va- 
rious. The  falcon  tribe  deftroy  carcafes,  which  would  other- 
wife  become  noifomc  ; tlie  order  of  pies,  devour  noxious 

fubftances 
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fubftances  and  worms  ; the  anferine  tribe,  anferes,  leffen  the 
too  numerous  inhabitants  of  the  water ; the  waders,  gralU^ 
feek  for  infefts  and  worms  from  bogs  and  marfhes  ; the  galli- 
naceous tribe,  gaUinaf  pick  uj)  fcattered  feeds  on  the  ground  ; 
the  pafTerine  tribe,  feed  on  the  feeds  of  Ihrubs  and  plants, 

and  frequently  carry  thefe  feeds,  and  the  ova,  or  fpawn  of 
fiflies  and  infefts,  to  places  where  they  were  not  originally  found, 
and  thus  help  to  dilTeminate  ufeful  produdlions.” — -Ker's  Tranf- 
lation  of  Linneus’s  Animal  Kingdom.  ' Editor. 
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BOOK  III. 

Of  the  Terraqueous  Globe  in  particular, 
more  efpecially  the  Earth. 


J^AVING  thus  taken  a general  profped  of  our 
Terraqueous  Globe,  I fliall  in  this  Book  come 
to  its  particulars,  But  here  we  have  fuch  an 
immenfe  variety  prefenting  itfelf  to  our  fenfes, 
and  fuch  amazing  ftrokes  of  power  and  wifdom, 
that  it  is  impoffible  not  to  be  at  a ftand,  and 
very  difficult  to  know  where  to  begin,  how  to 
proceed,  or  where  to  end.  But  we  muft,  how- 
ever, attempt. 

And  for  the  more  clear  and  regular  proceeding 
on  this  copious  fubjedt,  I fhall  diftribute  the  globe 
into  its  own  grand  conftituent  parts. 

I.  The  earth  and  its  appurtenances. 

II.  The  waters  and  theirs. 

The  firft  of  thefe  only,  is  what  at  prefent  I 
/hall  be  able  to  take  into  this  furvey. 

And  in  furveying  the  earth,  I intend, 

I.  To  confider  its  con/lituent  parts,  or  things 
peculiar  to  itfelf, 

VOL,  I. 
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2.  The 
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2.  The  inhabitants  thereof,  or  the  feveral  kinds 
of  creatures  that  have  their  habitation,  growth, 
or  fubfiftence  thereon. 

- I.  As  to  the  earth  itfelf,  the  mofl  remarkable 
things  that  prefent  themfelves  to  our  view,  are, 

1 . Its  various  moulds  and  foils. 

2.  Its  feveral  ftrata,  or  beds. 

3.  Its  fubterraneous  palTages,  grottos,  and 
caverns. 

4.  Its  mountains  and  vallies. 
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CHAP.  I. 

Of  the  Soils  and  Moulds  in  the  Earth. 


^HE  various  foils  and  moulds  are  an  admira- 
ble and  manifeft  contrivance  of  the  all- wife 
Creator,  in  making  this  provilion  for  the  various 
vegetables  («),  and  divers  other  ufes  of  the  crea- 
tures. For,  as  fome  trees,  fome  plants,  fome 
grains  dwindle  and  die  in  a difagreeable  foil, 
but  thrive  and  flourifh  in  others  j fo  the  all-wife 


(<j)  It  is  not  to  be  doubted,  that  although  vegetables  de- 
light in  peculiar  foils,  yet  they  owe  not  their  life  and  growth 
to  the  earth  itfelf,  but  to  fome  agreeable  juices  or  falts,  Sffc. 
refiding  in  the  earth.  Of  this  the  great  Mr.  Boyle  hath  given 
us  fome  good  experiments.  He  ordered  his  gardener  to  dig 
up,  and  dry  in  an  oven,  fome  earth  fit  for  the  purpofe,  to 
^eigh  It,  and  to  fet  therein  fome  fquajh  feeds  (a  kind  of  /«- 
dian  pompion).  The  feeds  when  (own  were  watered  with 
ram  or  fpring-water  only.  But  although  a plant  was  produced 
in  one  experiment  of  near  3 jfe,  and  in  another  of  above  14  ft, 
^et  t e earth  when  dried,  and  weighed  again,  was  fcarce  di- 
mmifhed  at  all  in  its  weight. 

Another  experiment  he  alleges  is  of  Helmon’s,  who  dried 
200  ft  of  earth,  and  therein  planted  a willow  weighing  c ft, 
which  he  watered  with  rain,  or  diftilled  water : and  to  fccure 
rt  from  any  other  earth  getting  in,  he  covered  it  with  a per- 
orate  tin-cover.  After  five  years,  weighing  the  tree  with  all 
the  leaves  it  had  born  in  that  time,  he  found  it  to  weigh  169  lb. 

3 ounces,  but  the  earth  to  be  diminifiied  only  about  2 ounces 
in  Its  weig  t.  Vide  Boyle’s  Scept.  Chym.  part.  2.  p.  114. 

2 Creator 


loo 


OF  THE  SOILS  AND 


B.  III. 


Creator  hath  amply  provided  for  every  kind  a 
proper  bed. 

If  fome  delight  in  a warm,  fome  in  a cold  foil ; 
fome  in  a lax  or  fandy,  fome  a heavy  or  clayey 
foil  j fome  in  a mixture  of  both,  fome  in  this,  and 
that,  and  the  other  mould,  fome  in  nioift,  fome 
in  dry  places  (^)  ; Hill  we  find  provifion  enough 
for  all  thefe  purpofes  * : Every  country  abound- 

ing 

(^)  Ta;  Je  Towtfj  TSt  oiXEia;,  a fto»o»  ra  mpiTTct — Tuv  itiipait 

&C.  TafAEiiyap  |»fafj  Ta  iiv^pUf,  ra  ^e  ;^EijH£fi»8'?,  ra 

Tjjojr.^af,  rai  9ra^^cr*^a?,  Ktxi  Ta  f^lii  ofemitff  Ta  Ji  exJJei;,— 

Z^iteI  y£p  rd  irpoa-^opat  Kurd  rw  xpctcriv,  et»  Je  daiivrtt  Kcd  Icr^vpa^  kui 
|Sa6a  xcd  E7r(7ro^alo^^l^a,  xai  eiti?  a^^)o  ^lutpopd  xarcc  ra  picpr,. 

riccvra.  ydp  rauru)  et»  ^e  rd  o'pcotu  ^rrtiT  to  opLoiov,  xa]  rx  dnpioix  fid 
To»  auTov,  orav  ^ ti?  rrotpuTO^xyr,  All  plants  de- 

mand their  proper  places — for  fome  love  dry,  and  others  moill 
fituations  ; fame  a iheltered  or  a fliady  recefs,  and  others  a 
warm  and  open  expofure : fome  the  mountainous,  and  fome 
the  marfhy.  All  feek  that  foil  which  is  agreeable  to  their  con- 
llitution ; the  weaker  as  well  as  the  more  hardy  ; thofe 
that  pierce  deep  wath  their  roots,  as  well  as  thofe  that  increafe 
chiefly  from  the  furface  ; in  fliort,  wherever  there  is  a differ- 
ence in  their  parts  or  formation  ; for  fimilar  plants  require  'a 
fimilar  fituation,  and  diffimilar  •vice  verfa,  when  there  is  any 
difference  in  their  nature.” — Tbeophrajl.  de  Cauf.  Plant.  1.2. 
c.  9. 


* The  inhabitants  of  India,  fays  Linnasus  fAmasn.  vol.  v. 
p.  -Ill-)  fullain  an  unceafing  languor  from  the  heat  of  their 
climate,  and  are  torpid  in  the  midfl  of  profulion.  For  this 
reafon,  the  great  Difpofer  of  Nature  has  clothed  theii  country 
with  trees  of  an  amazing  height,  whofe  fhadc  might  defend 
them  from  the  beams  of  the  fun,  and  whofe  continual  frefh- 
nefs  nught  iu  fome  rncafurc  temperate  their  fierccnefs.  From 
3 thefe 
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ing  with  its  proper  trees  and  plants  {c),  and  every 
vegetable  flourilhing  and  gay,  fomewhere  or  other 
about  the  globe,  and  abundantly  anfwering  the 
almighty  command  of  the  Creator,  when  the  earth 
and  waters  were  ordered  to  their  peculiar  place, 
Gen.  i.  1 1 . Jnd  God  /aid.  Let  the  earth  bring  forth 
grafs,  the  herb  yielding  feed^  and  the  tree  yielding 
fruit  after  his  kind.  All  which  we  a£tually  fee 
is  fo. 

(c)  Nec  vero  terr£  ferre  omnes  omnia pojfunt. 

Flumintbus  falices,  crajjifquc  palttdibus  alni 
Nafcuntur  ; Jleriks  faxofis  montihus  orni : 

Lit  torn  myrtetis  heiijfima  : denique  apertos 
Bacchus  amat  colics  : Aquiloncm  (S’  frlgora  taxi. 

Afpice  IF  extremis  domiium  cultoribus  orbeni, 

Eoafque  domos  Arabum,  pidofque  Gelonos  : 

Divif^  arhoribus  patritE,  &c.  Virg.  Georg. /.  2. 

“ Nor  eveiy  plant  on  every  foil  will  grow; 

The  fallow  loves  the  watery  ground  and  low  ; 

The  marflies  alders  ; Nature  feems  to  ordain 
The  rocky  cliff  for  the  wild  alh’s  reign. 

The  baleful  yew  to  northern  blafts  affigns  ; 

To  fhoi-es  the  myrtles,  and  to  mounts  the  vine,s. 

Regard  the  extremeft  cultivated  coaft 
' From  hot  Arabia  to  the  Scythian  froll: ; 

All  forts  of  trees  their  different  countries  know, 

JBlack  ebon  only  will  in  India  grow, 

And  od’rous  frankincenfe  on  the  Sabaean  bough. 

Dryden’s  Virgil. 


thefe  fhades  the  air  receives  refrefhing  moifture,  and  animals 
a cooling  proteftlon.  The  whole  race  of  favage  animals  re- 
tire In  the  midft  of  the  day  to  the  centre  of  the  forefts,  not 
fo  much  to  avoid  their  enemy  man,  as  to  find  a defence  againfl 
the  raging  heats  of  the  feafon.  Editor. 
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To  this  convenience  which  the  various  foils  that 
coat  the  earth  are  of  to  the  vegetables,  we  may 
add  their  great  ufe  and  benefit  to  divers  animals, 
to  many  kinds  of  quadrupeds,  fowls,  infecls,  and 
reptiles,  who  make  in  the  earth  their  places  of 
repofe  and  reft,  their  retreat  in  winter,  their  fe- 
curity  from  their  enemies,  and  their  nefts  to  re- 
pofe , their  young ; fome  delighting  in  a lax  and 
pervious  mould,  admitting  them  an  eafy  palfage  ; 
and  others  delighting  in  a firmer  and  more  folid 
earth,  that  will  better  fecure  them  againft  injuries 
from  without. 


I 
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CHAP.  II. 

Of  the  various  Strata,  or  Beds,  obfervable  in  the 

Earth. 

^HE  various  Jirata,  or  beds,  although  but  little 
different  from  the  laft,  yet  will  deferve  a dif- 
tinft  confideration. 

By  the  Jirata,  or  beds,  I mean  thofe  layers  of 
minerals  {a),  metals  {E),  earth  and  Hone  (J),  lying 

under 

‘ . 

(fl)  Although  minerals,  metals,  and  Hones  He  In  beds,  and 
have  done  fo  ever  fince  Noah^'S  flood,  if  not  from  the  creation  j 
yet  It  Is,  greatly  probable  that  they  have  power  of  growing  in 
their  relpeftive  beds  ; that  as  the  beds  are  robbed  and  emptied 
by  miners,  fo  after  a while  they  recruit  again.  Thus  vitriol,  Mr. 
Boyle  thinks,  will  grow  by  the  help  of  the  air.  So  alum  doth 
the  fame.  We  are  ajjured  (he  faith)  by  the  experienced  Agricola, 
that  the  earth ^ or  ore  of  alum,  being  robbed  of  its  fait,  will  in  trad  of 
time  recover  it,  by  being  expofed  to  the  air.  Boyl.  Sufpic.  about 
fome  Hid.  Qual.  in  the  Air,  p.  18. 

{b)  As  to  tlie  growth  of  metals,  there  is  great  reafon  to 
fufpefl  that  alfo,  from  what  Mr.  Boyle  hath  alleged  in  his 
Obfervations  about  the  Growth  of  Metals  ; and  in  his  Scept. 
Chym.  part  6.  p.  362.  Compare  alfo  Hakewil’s  Jpol.  p.  164. 

And  particularly  as  to  the  growth  of  iron,  to  the  inttances 
he  gives  from  Bliny,  Fallopius,  Ceefalpinus,  and  others  r we 
may  add,  what  is  well  known  in  the  foreft  of  Dean  in  Glou- 
teferjbire:  That  the_  belt  iron,  and  moll  in  quantity,  that 
is  found  there,  ^ is  m the  old  cinders,  which  they  melt 
over  again.  This  the  author  of  the  Adilitions  to  Gloucejer^ 
Jbire  in  CambdcFs  Brit,  attributes  to  the  remiffiiefs  of  the  for- 
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under  that  upper  Jlratum,  or  tegument  of  the 
earth  lafl;  fpoken  of,  all  of  a prodigious  ufe  to 

mer  melters,  in  not  exhaufting  the  ore  : but  in  all  probability 
it  is  rather  to  be  attributed  to  the  new  impregnations  of  the 
old  ore,  or  cinders  from  the  air,  or  from  fome  feminal  principle 
or  plaftick  quality  in  the  ore  itfelf. 

(c)  As  for  the  growth  of  Jlone,  Mr.  Boyle  gives  two  Inftances. 
One  is  that  famous  place  in  Fvancey  called  Les  Caves  Goutieres  \ 
•where  the  water  falling  from  the  upper  parts  of  the  cave  to  the 
ground  doth  prefently  there  condenfe  into  little  Jlones,  of  fuch  fgure 
as  the  drops,  falling  either  fever  ally,  or  upon  one  another,  and  co- 
agulating prefently  into  flones,  chance  to  exhibit.  Nid.  Scept. 
Chym.  p.  360. 

Such  like  caves  as  thefe  I have  myfelf  met  with  in  England ; 
particularly  on  the  very  top  of  Bredon-Hill  In  Worceflerjhire 
near  the  precipice,  facing  Perfloore,  In  or  near  the  0I4  fortrefs 
called  Bemfbury-Camp  ; I faw  fome  years  ago  fuch  a cave, 
which  (if  I mlf-remember  not)  was  lined  with  thofe  Jlaladical 
Jlones  on  the  top  and  fides.  On  the  top  they  hung  like  icicles 
great  and  fmall,  and  many  lay  on  the  ground.  They  feemed 
manifeftly  to  be  made  by  an  exfudatlon,  or  exftillation  of  fome 
petrifying  juices  out  of  the  rocky  earth  there.  On  the  fpot,  I 
thought  it  might  be  from  the  rains  foaking  through,  and  car- 
rying witlji  It  impregnations  from  the  Hone,  the  hill  being 
there  all  rocky.  Hard  by  the  cave  are  one  or  more  vail  ftones, 
which  (if  I millake  not)  are  incruftated  with  this  fparry,  fta- 
laftical  fubftance,  if  not  wholly  made  of  It.  But  It  is  fo  many 
years  ago  fince  I was  at  the  place,  and  not  being  able  to 
find  my  notes  about  it,  I cannot  fay  whether  the  whole  ftone 
is  (in  all  probability)  fpar,  (as  I think  It  is,)  or  whether  I 
found  it  only  cafed  over  with  it ; notwithftanding  I was  very 
nice  in  examining  It  then,  and  have  now  fome  of  the  fragments 
byfne,  confiding,  among  other  (hining  parts,  of  fome  tranfpa- 
rcnt  angular  ones. 

The  other  Inftance  of  Mr.  Boyle,  is  from  Linfchoten,  who 
faith,  that  In  the  Eafl  Indies,  when  they  have  cleared,  the 
diamond  mines  of  all  the  diamonds,  in  a few  years  time  they  fnd 
in  the  fame  place  new  diamonds  produced.  Doyle,  ibid. 
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mankind  ; fome  being  of  great  ufe  for  building ; 
fome  ferving  for  ornament ; fome  furnifhing  us 
with  commodious  machines,  and  tools  to  pre- 
pare our  food,  and  for  velfels  and  utenfils,  and  for 
multitudes  of  other  ufes ; fome  ferving  for  firing 
to  drefs  our  food,  and  to  guard  us  againll  the  in- 
fults  of  cold  and  weather  ; fome  being  of  great  , 
ufe  in  phyfic,  in  exchange  and  commerce,  in  ma- 
nuring and  fertilizing  our  lands,  in  dying  and 
colouring,  and  ten  thoufand  other  conveniencies, 
too  many  to  be  particularly  fpoken  of:  only 
there  is  one  grand  ufe  of  one  of  thefe  flrata  or 
beds,  that  cannot  eafily  be  omitted,  and  that^  is, 
thofe  fubterraneous  flrata  of  fand,  gravel,  and 
laxer  earth  that  admit  of,  and  facilitate  the  paffage 
of  the  fweet  waters  (d\  and  may  probably  be  the 

colanders 

(</)  It  is  not  only  agreeable  to  reafon,  but  I am  told  by 
perfons  converfant  in  digging  of  wells  throughout  this  county 
of  EJfex,  where  I live,  that  the  fureft  beds  in  which  they  find 
water,  are  gravel,  and  a coarfe  dark-coloured  fand ; which 
beds  feldom  fail  to  yield  plenty  of  fweet  water : but  for  clay, 
they  never  find  water  therein,  if  it  be  a ftrong  ftiff  clay  ; but 
if  it  be  lax  and  fandy,  fometimes  fprings  are  found  in  it;  yet 
fo  weak,  that  they  will  fcarcely  ferve  the  ufes  of  the  finallelt 
family'.  And  fometimes  they  meet  with  thofe  beds  lying  next, 
under  a loofe  black  mould,  (which,  by  their  defeription,  I 
judged  to  be  a fort  of  oozy,  or  to  have  the  rcfemblance  of  an 
ancient  rufhy  ground,)  and  in  that  cafe  the  water  is  always 
naught,  and  ftinks.  And  lallly,  another  fort  of  bed  they  find 
in  EJfex,  in  the  clayey  lands,  particularly  that  part  called  the 
Rodings,  which  yields  plenty  of  fweet  water,  and  that  is  a be4 
of  white  earth,  as  though  made  of  chalk  and  white  fand. 

This 
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colanders  whereby  they  are  'fweetened,  and  then  at 
the  fame  time  alfo  conveyed  to  all  parts  of  the  ha- 
bitable world,  not  only  through  the  temperate  and 
torrid  zones,  but  even  the  farthefl;  regions  of  the 
frozen  poles. 

That  thefe  ftrata  are  the  principal  pajfagcs  of  the 
fweet  fountain-waters  is,  I think,  not  to  be  doubt- 
ed, confidering  that  in  them  the  waters  are  well 
known  to  pafs,  and  in  them  the  fprings  are  found 
by  thofe  that  feek  for  them : I fay,  the  principal 
palfages,  becaufe  there  are  other  fubterraneous 
guts  and  channels,  filTures  and  paffages,  through 
which  many  times  the  waters  make  their  way. 

Now  that  which  in  a particular  manner  doth 
feem  to  me  to  manifeft  a fpecial  Providence  of  God 
in  the  repofiting  thefe  watery  beds  is,  that  they 
fliould  be  difperfed  all  the  world  over,  into  all 
countries,  and  almoft  all  trafts  of  land : that  they 

This  they  find,  after  they  have  dug  through  forty  or  more 
feet  of  clay  ; and  it  is  fo  tender  and  moift,  that  it  will  not  lie 
upon  the  fpade,  but  they  are  forced  to  throw  it  into  their 
bucket  with  their  hands,  or  with  bowls ; but  when  it  comes 
up  Into  the  air.  It  foon  becomes  an  hard  white  ftone. 

Thus  much  for  the  variety  of  beds  wherein  the  waters  are 
found.  That  it  Is  In  thefe  beds  oiily  or  chiefly  the  fprings  run, 
is  farther  manifell  from  tlie  forcible  eruption  of  the  waters 
fometimes  out  of  thofe  watery  beds.  Of  which  fee  chap.  4. 
note  This  eruption  fliews,  that  the  waters  come  from 

feme  eminence  or  other,  lying  at  a diftance,  and  being  clofely 
pent  upon  witliin  the  ivatery  Jlraium,  by  the  clayey  ftrata,  the 
waters  with  force  mount  up,  when  the  ftrata  above  arc 
ppened. 


fliould 
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fhould  fo  entirely,  or  for  the  mofi;  part,  confifl:  of 
lax,  incohering  earth,  and  be  fo  feldom  blended 
v'ith  other  impervious  moulds,  or  if  they  are  fo, 
it  is  commonly  but  accidentally ; and  that  they 
are  interpofed  between  the  other  impervious  beds, 
and  fo  are  as  a prop  and  pillar  to  guard  them  off, 
and  to  prevent  their  finking  in  and  fliutting  up  the 
palTages  of  the  waters. 

The  time  when  thofe  ftrata  were  laid,  was  doubt- 
lefs  at  the  creation,  when  God  /aid,  (Gen.  i.  9.), 
Let  the  waters  under  the  Heaven  be  gathered  toge- 
ther unto  one  place , and  let  the  dry  land  appear  ,* 
or  elfe  at  the  deluge,  if,  with  fome  fagacious  natu- 
ralifts,  we  fuppofe  the  globe  of  earth  to  have  been 
diflblyed  by  the  flood  (e).  At  that  time  (what- 
ever it  was)  when  the  terraqueous  globe  was  in  a 
chaotic  flate,  and  the  earthy  particles  fubfided, 
then  thofe  feveral  beds  were  in  all  probability  re- 
pofited  in  the  earth,  in  that  commodious  order  in 
which  diey  now  are  found  ; and  that,  as  is  aflerted, 
according  to  the  laws  (j^)  of  gravity. 


{e)  Vide  Dr.  Woodward’s  EJfay,  part  2.  Stem’s  Prodr,  &c, 
(/)  Id.  ih.  p.  28,  and  74,  But  Dr.  Leigh  in  his  Nat.  Hifl. 
of  Lancajbire,  fpeaking  of  the  coal-pits,  denies  the  ftrata  to  lie 
according  to  the  laws  of  gravitation,  faying  the  llrata  are  a 
bed  oimarle,  free-Jone,  next  iron-Jone,  then  coal,  or 

kennel-mine,  then  fome  other  ftrata,  and  again  coal,  &c. 

But  upon  a ftrifter  enquiry  into  the  matter,  finding  I had 
reafon  to  fufpea  that  few,  if  any,  adually  had  tried  the  expe- 
riment, I was  minded  to  bring  the  thing  to  the  teft  of  expe- 
riment myfelf ; and  having  an  opportunity  on  April  11,1712. 
1 caufed  divers  places  to  be  bored,  laying  the  feveral  Jlrata  by 

. themfelves ; 
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themfcives ; which  aftemards  I weighed  with  all  ftriclnefs, 
firll  in  air,  then  in  water,  taking  cate  that  no  air  bubbles, 
might  obllrudl  the  accuracy  of  the  experiment.  The  refult 
was,  that  in  my  yard,  the  ftrata  were  gradually  fpecifically 
heavier  and  heavier,  the  lower  and  lower  they  went ; and  the 
upper  which  was  clay,  was  confiderably  fpecifically  lighter  than 
the  lower  Jlratum  ; which  was  firfl  a loofe  fand,  then  a gravel. 
In  which  Jlratum  principally  the  fprings  run  that  fupply  my 
well. 

But  In  my  fields,  where  three  places  were  bored,  (to  no 
great  depth,)  I found  below  the  upper  (fuperficial 7?rfl/aw)  a 
deep  bed  of  fand  only,  which  was  of  different  colours  and 
confiftence,  which  I weighed  as  before,  together  with  the 
virgin-mould  ; but  they  were  all  of  the  fame,  or  nearly  the 
fame  fpecific  gravity,  both  out  of  the  fame  hole,  and  out  of 
different  holes,  although  the  fand  was  at  laft  fo  gravelly,  that 
it  hindered  our  boring  any  deeper. 

Upon  this,  fearing  left  fome  eiTor  might  be  , In  the  former 
experiments,  I tried  them  over  again  ; and  that  with  the  fame 
fuccefs. 

After  this  I made  fome  experiments  In  fome  deep  chalk-pits, 
with  the  flints,  chalk,  above  and  below  ; but  the  fuccefs 
was  not  fo  uniform  as  before. 

Acquainting  our  juftly  renowned  R.  5.  with  thefe  experi- 
ments, they  ordered  their  operator  to  experiment  t\\^Jlrata  of 
a coal-pit ; the  fuccefs  whereof  may  be  feen  In  Philof.  Tranf. 

No.  336. 
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CHAP.  III. 


Of  the  fubtevra?ieous  Caverns,  and  the  Volcanoes, 

J Shall  take  notice  of  the  fubterraneous  caverns, 
grotto’s,  and  volcano’s,  becaufe  they  are  made 
an  objeflion  (a)  againft  the  prefent  contrivance  and 
flruaure  of  the  globe.  But,  if  well  confidered, 
they  will  be  found  to  be  wife  contrivances  of  the 
Creator,  ferving  to  great  ufes  of  the  globe,  and 
ends  of  God’s  government.  Befides  many  fecret 
grand  fundions  and  operations  of  Nature  in  the 
bowels  of  the  earth,  that  in  all  probability  thefe 
things  may  minifler  unto,  they  are  of  great  ufe  to 
the  countries  where  they  are  (/;).  To  inflance  in 

the 


(fl)  Nemo  dixer'it  ter  ram  pulchrlorem  eje  quod  cavernofaft, 
quod  dehifcat  in  multh  locis,  quod  difrupta  caveis  fpatiis  inanU 
bus  ; iifque  nullo  ordine  difpoftth,  nulld  forma  : nec  qua  aliud  contU 
neant  qudm  tenebras  fordes  ; unde  graves  pejlifera  exhalatlonesy 
terra  motus,  tsfc.—“  Nobody  will  fay,  that  the  earth  is  the 
more  beautiful,  that  it  is  full  of  cavities  and  filTures,  and  in 
many  places  abounds  with  large  fubterraneous  empty  fpaces ; 
and  thefe  too  without  order  or  fymmetry,  containing  nothing 
but  hlth  and  darknels,  often  emitting  dangerous  and  peftifer- 
ous  exhalations,  and  caufing  violent  earthquakes,  Seed’— Burnet 
ubi  fupr.  c.  7. 

_ [b)  The  Zirchnitxer  fca  in  Carniola  is  of  great  ufe  to  the 
inhabitants  of  that  country,  by  affording  them  fifh,  fowls, 
fodder,  feeds,  deer,  fwine,  and  other  beafts,  carriage  for  their 
goods,  Vide  Phil.  Tranf.  No.  191,  t Lovsth. 

Blridg. 
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the  very  worft  of  the  fhings  named,  viz.  the 
volcano’s  and  ignivomous  mountains  *,  although 
they  are  fome  of  the  mofl;  terrible  fhocks  of  the 
globe,  and  dreadful  fcourges  of  the  finful  inhabit- 
ants thereof,  and  may  ferve  them  as  emblems  and 
prefages  of  hell  itfelf ; yet  even  thefe  have  their 
great  ufes  tooj  being  as  fpiracles  or  tunnels  (r)  to 

the 

Jilridg.  vol.  n.  p.  306,  fcfr.  where  you  have  put  together  in 
one  view,  what  Is  difperfed  in  divers  of  the  Tranfadions.  This 
fea  or  lake  proceeds  from  fome  fubterraneous  grotto,  or  lake,  • 
as  is  made  highly  probable  by  Mr.  Valvafor.  Ibid. 

The  grotto  Podpetfchio  may  be  another  Inftance,  that  the 
very  fubterraneous  lakes  may  be  of  ufe,  even  to  the  inha- 
bitants of  the  furface  above  : of  which  fee  Loivth.  ubi  fupr. 
p.  317.  Sturmius  alfo  may  be  confulted  here  in  his  Philof.  Ec- 
leEl.  Exercit.  li.de  Terra  mot.  particularly  in  chap.  3.  fome  of 
the  moll  eminent  fpccus’s  are  enumerated,  and  fome  of  their 
vfes. 

(r)  Crebrl  fpecus  [remediumj  prabent.  Praconceptum  entm 
fpirllum  exhalcint : quod  in  certis  notatur  oppidu,  qua  minus  quatU 

uniury 


* There  are  at  prefent  no  lefs  than  feventy-fix  volcano* 
in  a Hate  of  aftual  ignition  ; four  in  Europe,  twenty-four  in 
Afia,  three  in  Africa  and  in  the  illands  that  fiirround  it,  forty 
in  America,  and  five  in  the  illands  of  the  Pacific  Ocean.  If 
the  proximity  of  the  fea  be  neceffary  to  fupport  the  fire  of  vol- 
canos, as  is  the  prevailing  opinion  at  prefent,  according  to  the 
fyllem  Vvdilch  attributes  their  Inflammation  to  pyrites  ; we  may- 
doubt  whether  there  be  any  more  than  thofe  above  enume- 
rated : for  almoll  all  the  feas  on  the  globe,  with  the  coall* 
which  they  wafli,  have  been  carefully  examined  by  very  able 
naturalills,  who  could  not  have  failed  to  obferve  them  if  there 
had  been  any.  Editor. 
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the  countries  where  they  are,  to  vent  the  fire  and 
vapours  that  would  make  difmal  havoc,  and  of- 
tentimes adlually  do  fo,  by  dreadful  fuccuffions  and 
convullions  of  the  earth.  Nayj  if  the  hypothecs 
of  a central  fire  and  waters  be  true,  thefe  out-- 
lets  feem  to  be  of  greateft  ufe  to  the  peace  and 
quiet  of  the  terraqueous  globe,  iii  venting  the  fub- 
terraneous  heat  and  vapours  ; which,  if  pent  up, 
would  make  dreadful  and  dangerous  commotions 
of  the  earth  and  waters. 

It  may  be  then  accounted  as  a fpecial  favour  of 
the  divine  Providence,  as  is  obferved  by  the  author 
before  praifed  (^/),  “ that  there  are  fcarcely  any 
“ countries,  that  are  much  annoyed  with  earth- 
“ quakes,  that  have  not  one  of  thefe  fiery  vents. 
“ And  thefe  (faith  he)  are  conftantly  all  in  flames 
“ whenever  any  earthquake  happens,  they  difgorg- 
“ ing  that  fire,  which  whilfl;  underneath,  was  the 
“ caufe  of  the  difafler.  Indeed,  (faith  he,)  were 
“ it  not  for  thefe  diverticula,  whereby  it  thus  gain- 
“ eth  an  exit,  it  would  rage  in  the  bowels  of  the 
“ earth  much  mcire  furioufly,  and  make  greater 
“ havoc  than  now  it  doth.  So,  that  though 

untur,  ertlris  ad  elu’uiem  cuntculis  cavata. — “ Thofe  numerous 
cavities  are  of  advantage  ; for  they  ferve  to  difcharge  the  va- 
pours that  are  generated  beneath  the  earth.  Tims  it  has  been 
iibferved,  that  thofe  places  have  been  lefs  fubjedl  to  earthquakes 
where  the  ground  has  been  much  excavated  and  interfedled  by 
common  fewers.” — Pli/i.  Hiji.  Nat.  1,  2,  c.  82. 

(</)  Wgadward’s  EJay,  part  3.  confeft.  13. 
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“ thofe  countries,  where  there  are  fuch  volcano' s, 
“ are  ufually  more  or  lefs  troubled  with  earth- 
“ quakes  ; yet,  were  thefe  volcano's  wanting,  they 
“ would  be  much  more  annoyed  with  them  than 
“ now  they  are ; yea,  in  all  probability  to  that 
“ degree,  as  to  render  the  earth,  for  a vaft  fpace 
“ around  them,  perfectly  uninhabitable.  In  one 
‘‘  word,  (faith  he,)  fo  beneficial  are  thefe  to  the 
“ territories  where  they  are,  that  there  do  not 
“ want  inftances  of  fome  which  have  been  refcued, 
and  wholly  delivered  from  earthquakes  by  the 
« breaking  forth  of  a new  volcano  there ; this  con- 
“ tinually  difcharging  .that  matter,  which  being 
till  then  barricaded  up,  and  imprifoned  in  the 
“ bowels  of  the  earth,  was  the  occafion  of  very 
“ great  and  frequent  calamities.”  Thus  far  that 
ingenious  author 


* It,  is  not  foreign  to  the  piirpofe  of  a work  of  the  na- 
ture of  the  prefent,  to  take  notice  of  an  argument  which  of  late 
has  been  urged  againft  the  authenticity  of  the  Mofaic  account 
of  tlie  creation,  from  the  ftrata  of  volcanic  lavas,  which  arc 
found  at  a great  depth  in  the  earth  ; when  we  have  it  in  our 
power  at  the  fame  time  to  expofe  the  infufficiency  of  the  rea- 
foning  on  which  it  is  founded.  It  is  obferved  by  Sir  William  Ha- 
milton and  others,  that  in  pits  that  have  been  dug  in  the  vicinity 
of  Vefuvius  and  Etna,  many  beds  of  lava  have  been  difcovered  at 
confidcrable  depths  below  each  other,  all  of  which  are  covered 
with  fuccelUve  llrata  of  vegetable  earth.  Thefe  mull  have  pro- 
ceeded from  fucceffive  eruptions,  between  each  of  which,  a fpace 
of  time  mull  have  intersxned  fufficient  to  convert  the  furface  of 
the  lava*  into  vegetable  mould  j which  fpace  of  time,  ellimating 

from 
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from  the  periods  between  tke  eruptions  recorded  in  hlftory,  and 
the  formation  of  foil  that  has  been  obferved  during  thofe  periods, 
is  computed  at  an  average  to  have  been  1000  years.  Ten  oi* 
twelve  fucceffive  ftrata  of  lava,  each  covered  with  vegetable  earth, 
are  therefore  proofs  of  a period  of  10  or  12,000  years  having 
clapfed  fince  the  firll  of  thofe  eruptions. — This  argument  pro- 
ceeds on  affiiming  it  as  a faft  that  all  lava  is  of  the  fame  nature, 
equally  hard  and  folid,  and  capable  of  refilling  equally  the 
<ffedls  of  the  weather  in  converting  its  fubftance  into  mould. 

But  this  feft  is  contrary  to  truth,  fome  lavas  being  incompara- 
bly more  porous,  friable,  and  eafily  dilTolved  than  others.  Some 
eruptions  are  accompanied  with  vaft  Ihowers  of  alhes,  and  con-  * 
fill  chiefly  of  fuch ; now  a llratum  of  this  nature  will,  in  a very 
few  years,  acquire  a furface  fit  for  the  purpofes  of  vegetation, 
and  fuch,  for  any  thing  we  know  to  the  contrary,  may  have 
been  the  nature  of  moll  of  thofe  numerous  ftrata,  on  which 
thofe  naturallfts  have  founded  their  argument.  Sir  William 
Hamilton  himfelf  furnilhes  a fadl  which,  indeed,  overturns  the 
whole  of  this  hypothetical  reafoning.  The  city  of  Herculaneum 
was  deftroyed  by  an  eruption  of  Vefuvius,  A.  D.  97.  There 
are  evident  marks,  fays  he,  that  fix  eruptions  of  the  mountaia 
have  taken  their  courfe  over  this  city  fince  it  Hood  on  the  fur- 
face  ; for  each  of  the  fix  ftrata  of  lava  Is  covered  with  good 
vegetable  foil.  Now,  thefe  fix  vegetable  coverings  have  been 
formed  in  lefs  than  1700  years,  which  Inftead  of  giving 
1000  years  to  the  produdlion  of  each,  does  not  give  even  300. 

—-What  then  lhall  we  fay  of  a -theory  which  refts  on  fo  futile 
a foundation  ? v 


VOL,  U 


C H4  J 


CHAP.  IV. 

Of  the  Mountains  * and  Valleys, 

I 

^HE  laft  thing  I fhall  take  notice  of  relating  to 
the  earth,  fhall  be  the  hills  and  ^valleys.  Thefe 
the  eloquent  theoriji  owns  to  “ contain  fomewhat 

“ auguft 


■*  Mountains  may  be  clafTed  under  four  different  heads: 
1.  Primitive  ; 2.  Secondary',  or  regularly  ftratified  ; 3.  Alluvial ; 
4.  Volcanic.  The  primitive  mountains  are  thofe  great  bul- 
warks which  form  a chain  on  the  furface  of  the  earth,  and 
greatly  exceed  the  others  in  height.  (See  the  phyfical  map 
ill  booh  Iv.  c.  9.  which  gives  a view  of  the  great  chains  of 
primitive  mountains,  that  interfeft  the  continent  of  Europe, 
and  part*of  Afia  and  Africa. ) They  rife  often  with  a very 
fudden  elevation,  and  prefent  aftdnilhing  peaks  and  precipices 
inacceflible  to  the  intrepidity  of  man,  and  have  their  fummits 
covered  with  eternal  fnow,  or  acciunulations  of  ice.  Thefe 
great  maffes  of  matter  are  not  ftratified ; they  break  into  irre- 
gular fliapes,  and  their  component  parts  are  of  different  fizes, 
and  Irregularly  mixed.  They  contain  no  petrifadlions,  and 
are  therefore  fuppofed  to  have  exifted  previoufly  to  the  form- 
ation of  animals  and  vegetables. — The  fecondary  mountains 
feem  to  be  of  a later  formation  : they  have  beea  produced  by 
precipitation,  and  they  confift  of  ftratified  layers  containing 
often  petrlfaftlons  of  animals  and  vegetables,  and  alfo  metals. — 
The  alluvial  mountains  have  been  apparently  formed  by  depo- 
fition  at  a later  period  than  thofe  of  the  fecond  clafs.  They 
are  found  on  the  beds  of  rivers,  and  near  the  fea-coaft ; and 
they  confift  of  layers  of  calcareous  and  argillaceous  earth,  of 

loam 
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augufl  and  flately  in  the  beholding  of  them,  that 
infpireth  the  mind  with  great  thoughts  and  paf- 
“ lions,  that  we  naturally  on  fuch  occafions  think 
“ of  God  and  his  greatnefs.’*  But  then,  at  the 
fame  time,  he  faith,  “ The  hills  are  the  greateft 
examples  of  ruin  and  confufion  ; that  they  have 
“ neither  form  nor  beauty,  nor  fhape,  nor  order, 
“ any  more  than  the  clouds  in  the  air ; that  they 
confifl;  not  of  any  proportion  of  parts,  referable 
“ to  any  defign,  nor  have  the  leaft  footfteps  of 
art  or  counfel/*  Confequently  one  grand  part 
of  this  lower  creation,  even  the  whole  prefent 
face  of  our  terraqueous  globe,  according  to  this 
ingenious  author,  is  a work  of  mere  chance,  a 
ftruclure  in  which  the  Creator  did  not  concern 
hinifelf. 

Part  of  this  charge  I have  already  briefly  an- 
fwered,  and  my  furvey  now  leads  me  to  ftew, 
that  the  mountains  are  fo  far  from  being  a blun- 
der of  chance,  a work  without  defign,  that  they 
are  a noble,  ufeful,  yea,  a neceffary  part  of  our 
globe  (a). 

{a)  Though  there  are  fame  that  think  mountains  to  be  a deformity 
to  the  earth,  See.  yet  if  nvell  conftdered,  they  ’will  he  found  as  much 
to  conduce  to  the  beauty  and  conveniency  of  the  unvuerfe,  as  any  of 

the 


loam  which  confifts  of  decompofed  or  mouldered  ftones,  of  fand 
and  vanous  other  fubftances  which  the  w'ater  has  wathed  from 
the  furface  of  the  earth,  or  brought  down  from  the  higher 
mountains.— The  volcanic  mountains  are  formed  by  fire,  and 
confift  of  bafakes,  lavas,  tufas, flags,  pumices, aflies,  &c.  Editor. 

1 2 And 


THE  MOUNTAINS 


B.  Ill, 


1 16 

And  in  the  firfl  place,  as  to  the  biifinefs  of  or- 
nament, beauty,  and  pleafure,  I may  appeal  to  all 
men’s  fenfes,  whether  the  grateful  variety  of  hills 
and  dales,  be  not  more  pleafmg  than  the  largeft 
continued  plains.  Let  thofe  who  make  it  their  bu- 
finefs  to  vifit  the  globe,  to  divert  their  fight  with 
the  various  profpefts  of  the  earth ; let  thofe,  I fay, 
judge  whether  the  far  diftant  parts  of  the  earth 
would  be  fo  well  worth  vifiting,  if  the  earth  was 
every  where  of  all  even,  level,  globous  furface,  or 
one  large  plain  of  many  i ooo  miles  ; and  not  ra- 
ther, as  now  it  is,  whether  it  be  not  far  more 
pieafing  to  the  eye,  to  view  from  the  tops  of  the 
mountains  the  fubjacent  vales  and  ftreams,  and 
the  far  diftant  hills  ; and  again  from  the  vales  to 
behold  the  furrounding  mountains.  The  elegant 

the  other  parts.  Nature  (faith  Pliny)  puipofcly  framed  them  for  many 
excellent  ufes  ; partly  to  tame  the  violence  of  greater  rivers,  to  Jlrengthen 
certain  joints  within  the  veins  and  bowels  of  the  earth,  to  break  the 
force  of  the feeds  inundation,  and for  the  fafety  of  the  earth’s  inhabit- 
ants, whether  beafls  or  men.  That  they  make  much  for  the  protec- 
tion of  beajls,  the  Pfalmift  tejlifies.  The  higheft  hills  are  a refuge 
for  the  wild  goats,  and  the  rocks  for  conies.  The  kingly  prophet 
had  likewife  learnt  the  fafety  of  thofe  by  his  own  experience,  when 
he  alfo  was  fain  to  make  a mountain  his  refuge  from  the  fury  of  hit 
inq/ler  Saul,  who  profecuted  him  in  the  wildeniefs.  True  indeed'y 
fuh  places  as  thefe  keep  their  neighbours  poor,  as  being  mojl  barren, 
but  yet  they  preferve  them  fafe,  as  being  mcjl  Jlrong ; witnefs  our 
unconquered  Wales  Scotlaitd. — Wherefore  a good  author  doth 

rightly  call  them  Nature’s  bulwarks,  cajl  up  at  God  /Almighty’s 
charges,  the  fcorns  and  curbs  of  victorious  armies  ; which  made  the 
barbarians  in  Curtins  fo  coif  dent  of  their  own  fafety,  &c. — Bilhop 
Wilkin’s  World  in  the  Moon,  p.  114. 
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Jftralns  and  lofty  flights,  both  of  the  ancient  and 
modem  poets  on  thefe  occafions,  are  teftimonies' 
of  the  fenfe  of  mankind  on  this  configuration  of 
the  earth. 

But  be  the  cafe  as  it  will  as  to  beauty,  which  is 
the  lead  valuable  confideration,  we  fliall  find  as  to 
convenience,  this  configuration  of  the  earth  to  be 
far  the  mofl;  commodious  on  feveral  accounts. 

Firjl^  As  it  is  the  mod  falubrious,  of  great  ufe 
to  the  prefervation  or  redoration  of  the  health  of 
man.  Some  conditutions  are  indeed  of  fo  happy 
a drength,  and  fo  confirmed  an  health,  as  to  be 
indifferent  to  almod  any  place  or  temperature  of 
the  air  : but  then  others  are  fo  weakly  and  feeble, 
as  not  to  be  able  to  bear  one,  but  can  live  comfort- 
ably in  another  place.  With  fome,  the  finer  and 
more  fubtile  air  of  the  hills  doth  bed  agree,  who 
are  languifhing  and  dying  in  the  feculent  and 
groffer  air  of  great  towns,  or  even  the  warmer 
and  vaporous  air  of  the  valleys  and  waters  : but 
contrarywife  others  languifh  on  the  hills,  and 

grow  ludy  and  drong  in  the  warmer  air  of  the 
valleys. 

So  that  this  opportunity  of  flilfting  our  abode 
from  the  warmer  and  more  vaporous  air  of  the  val- 
leys, to  the  colder  and  more  fubtile  air  of  the  hills, 
or  from  the  hills  to  the  vales,  is  an  admirable 
eafement,  refrelhment,  and  great  benefit  to  the 
valetudinarian  feeble  part  of  mankind,  affording 
thofe  an  eafy  and  comfortable  life,  who  would 
otherwife  live  miferably,  languifh,  and  pine  away. 

13  2.  Ta 
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2.  To  this  falutary  conformation  of  the  earth, 
we  may  add  another  great  convenience  of  the  hills, 
and  that  is,  in  alFording  commodious  places  for  ha- 
bitation : “ Serving”  (as  an  eminent  author  (b) 
wordeth  it)  “ as  fkreens  to  keep  off  the  cold  and 
“ nipping  blafts  of  the  northern  and  eafterly  winds, 
“ and  reflefting  the  benign  and  cherilhing  fun- 
“ beams,  and  fo  rendering  our  habitations  both 
more  comfortable  and  more  chearly  in  winter ; 
‘‘  and  promoting  the  growth  of  herbs  and  fruit 
“ trees,  and  the  maturation  of  the  fruits  in  fum- 
“ mer.”  ' 


3.  Another  benefit  of  the  hills  is,  that  they  ferve 
for  the  produftion  of  great  varieties  of  herbs  and 
trees  (c).  And  as  there  was  not  a better  judge  of 
thofe  matters,  fo  I cannot  give  a better  account  -of 
this  convenience,  than  in  the  words  of  the  lafl 


{l>)  Rafs  Wifdom  of  Cod,.  See.  p.  251-  Djfoluilon  of  the 
World,  p.  35. 

(f)  Theophraflus  having  reckoned  up  the  trees  that  delight 
jVioft  in  thfe  hills,  and  others  in  the  valleys,  obferveth,  ‘'ATrarra 

it  oaa,  xotvee  tm  *«!  ruv  [x,ft  xa'i  TraAAiu  ty,  ov|/|» 

Ta  h roTq  <!rcSloK;  ymrai.  xptlrru  Si  ttjte  Tur  luAw  *ai  tSIi 

xctpTrSr,  Ta  opayd.y  Thecph.  Hlfl.  PL  1.  3.  C.  4.  '5*  i» 

To(f  oucEtflif . TOTToi;  xaAXia;  yiisTai,  koc\  fecLXKoi  ivj'QcttT. — T«  fi,  yap 
(piXu  s(pvSpl3f  — Ta  of,  tei;  iucrxs'srir;  xa) 

Ih'id.  1.  4.  c.  I. — “ But  all  thofe  which  commonly  grow  both 
on  the  mountains  and  in  the  valleys  are  obferved  to  thrive 
more  luxuriantly  in  the  valleys  ; but  to  produce  better  fruit,  and 
to  be  more  excellent  in  fubilance,  when  growing  on  tlie  moun- 
tains ; for  all  thefe  plants  grow  beft  and  moft  luxuriantly  in 
their  proper  fituations  ; fe>r  fome  prefer  wateiy  and  marfliy 
foils,  others  an  open  and  funny  expofure,” 
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cited  famous  author,  the  late  moft  eminent  and 
learned  Mr.  Ray  ( J),  (who  hath  fo  fully  difcuffed 
this  fubjeft  I am  upon,  that  it  is  fcarce  poffible  to 
tread  out  of  his  fteps  therein).  His  obfervation  is, 
“ That  the  mountains  do  efpecially  abound  with 
different  fpecies  of  vegetables,  becaufe  of  the 
“ great  diverfity  of  foils  that  are  found  there, 
“ every  vertex  or  eminence  almofl  affording  new 
“ kinds.  Now  thefe  plants  (faith  he)  ferve  part- 
“ ly  for  the  food  and  fuflenance  of  fuch  animals 
“ as  are  proper  to  the  mountains,  partly  for  medi- 
“ cinal  ufes ; the  chief  phyfic,  herbs,  and  roots, 
“ and  the  befl  in  their  kinds  growing  there  : it  be- 
“ ing  remarkable,  that  the  greatefl  and  mofl  lux- 
“ uriant  fpecies  in  mofl  genera  of  plants  are  native 
“ of  the  mountains.” 

4.  Another  convenience  which  my  lafl  named 
learned  friend  obferves  (e)  is,  “ that  the  moun- 
“ tains  ferve  for  the  harbour,  entertainment,  and 
“ maintenance  of  various  animals,  birds,  beafts, 
and  infefls,  that  breed,  feed,  and  frequent  there. 
“For  (faith  he)  the  highefl  tops  and  pikes  of 
“ the  Alpes  themfelves  are  not  deftitute  of  their  in- 
“ habitants,  the  ibex  or  Jlein-huck,  the  rupicapra 
or  chamoh^  among  quadrupeds  ; the  lagopus 
“ among  birds.  And  I myfelf  (faith  he)  have  ob- 
“ ferved  beautiful  papilio*^^  and  ftore  of  other  in- 
“ fe^s  upon  the  tops  of  fome  of  the  Alpine  moun- 


{d)  Wifdom  of  God,  p.  252. 

14 


(e)  Uhi  fupra, 
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tains.  Nay,  the  liighefl;  ridges  of  many  of  thefe 
“ mountains  ferve  for  the  maintenance  of  cattle, 
“ for  the  fervice  of  the  inhabitants  of  the  valleys.” 
5.  Another  thing  he  obferves  is,  “ that  thofe 
long  ridges  and  chains  of  lofty  and  topping 
“ mountains,  which  run  through  whole  continents 
“ Eafl:  and  Weft  (/),  ferve  to  ftop  the  evagation  of 
“ the  vapours  to  the  North  and  South  in  hot  coun- 
“ tries,  condenfmg  them  like  alembic  heads  into 
“ water,  and  fo  (according  to  his  opinion)  by  a 
“ kind  of  external  diftiftation  giving  original  to 
“ fprings  and  rivers ; and  likewife  by  ainaffing, 
“ cooling,  and  conftipating  of  them,  turn  them  into 
“ rain,  by  thofe  means  rendering  the  fervid  re- 
p-ions  of  the  torrid-zone  habitable,” 

O 

To  thefe  might  be  added  fome  other  ufes  and 
conveniencies  (^)  j as  that  the  hills  ferve  to  the 

genera- 

(/)  Many  have  taken  notice,  that  fome  of  the  greateft 
eminences  of  the  world  run  generally  Eaft  and  "\Vell,  of  \%hich 
take  the  late  ingenious  and  learned  Dr.  Nichols’s  account 
ICpn/fr.  tvith  a Theijl,  part  ii.  p.  191.]  To  go  no  farther  than 
our  own  country,  all  our  great  ridges  of  hills  in  England  run 
Eajl  and  Wefl ; fo  do  the  Alps  in  It4y>  and  in  fome  meafure  the 
Pyrenees  ; fo  do  the  mountains  of  the  moon  in  Africk,  and  fo  do 
Mount  Taurus  and  Caucafus.  This  (he  faith)  is  a wife  con- 
trivance to  prevent  the  vapours,  which  would  all  run  northwards, 
and  leave  no  rains  in  the  Mediterranean  countries. 

That  the  generation  of  many  of  the  clouds  is  owing 
to  the  hills,  appears  from  the  obfervations  of  the  ingenious 
^nd  learned  Dr,  foh.  Jam.  Scheuchzer  of  Zurich,  and  Mr, 

Totich.  Frid.  Crci(Iovius  cited  by  him.  They  obfened  at  Jun- 
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generation  of  minerals  and  metals  {h),  and  that  in 
them  principally  are  the  moft  ufeful  foffiles  found  j 

rifing,  divers  clouds  detached  by  the-  heat  of  the  fun,  from 
fome  of  the  tops  of  the  Alps,  See.  upon  all  -which  their  obferv- 
ations,  the  conclufion  is,  M'trati  fummam  Creatorh  faplcniiam, 
qui  y id  quod  paulo  ante  nulli  nolts  nfui  eJJ'e  vidslatur,  maximts 
rebus  dcjlinaverat,  adebque  ex  illo  tempore  dubitare  ccepi,  num  nubes 
ejfent  futura,  ft  ifliufmodi  montes  isf  petree  non  darentur.  Hypo-- 
tbef  hoc  fante,  elucefeeret  permagna  utilitas,  irnb  necfjitas,  quota 
Helvetica  Alpes  non  nobis  tantum  accolis  fed  fsf  vidnis  allls  reglo- 
Tiibtis  prafant,  difpenfando,  quas  gignunt  nubes,  menlos,  aquas. 
— “ We  admired  the  great  wifdo-m  of  the  Creator,  who  had 
deftined  for  the  moft  important  purpofes  thofe  things  which 
before  feemed  to  us  of  no  utility  ; and  I then  began  to  doubt, 
whether  thofe  elouds  would  arife,  if  it  were  not  for  the  moun- 
tains and  rocks.  If  this  hypothelis  is  juft,  it  will  thence  ap- 
pear how  ufeful,  how  necellary  thofe  Helvetic  Alps  are  to  us, 
as  well  as  to  the  neighbouring  regions,  in  generating  clouds, 
-winds,  and  rain.” — Scheuch.  Iter.  Alptn.  2.  p.  20. 

(^)  LiCt  us  take  here  01.  Mag.  Obfervation  on  his  Northern 
Mountains  : Montes  excelfi  funt,  fed  pro  majori  parte  feriles,  fsf 
aridi ; in  quibus  fere  nil  aliud pro  incolarum  commoditate  fsf  confer-r 
vatione  gignitur,  ' quam  inexhaufa  pretioforum  metallorum  ubertas, 
qua  f Otis  opulenti,  feriilefque  funt  in  omnibus  vita  necejfariis,  forfitaii 
L)  fuperfuis  aliunde  ft  libet  conquirendis,  unanimique  robore,  ac  viri- 
hus,  ubi  VIS  contra  hac  natura  dona  intentata  fuerit,  defendendis. 
Acre  enim  genus  hominum  ef,  The  mountains  are  high, 

but  for  the  moft  part  dry  and  barren,  producing  nothing  for 
the  fupport  or  utility  of  the  inhabitants,  but  an  inexhauftible 
ftore  of  the  moft  precious  metals,  by  which  they  are  fupplied, 
even  to  opulence,  with  all  the  neceflai-ies  and  even  the  fuper- 
fluities  of  life,  which  they  purchafe  from  other  quarters.  The 
nature  of  their  country  too,  gives  that  ftrength  and  vigour  of 
conftitution  to  its  inhabitants,  which  enables  them  to  defend 
tliofe  gifts  of  Nature  againft  all  invaders.  They  are  a moft 
hardy  race  of  men.”— 0/.  Mag.  Hif.  1.  6.  Prtef.  See  alfo  Sir 
iiobert  Sibbald’s  Prodr.  Nat.  II fl.  Scot.  p.  47. 
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or  if  not  found  and  generated  only  in  them,  yet  at 
leaft  all  thefe  fubterraneous  treafures  are  moft  eafjly 
come  at  in  them : alfo  their  ufe  to  feveral  nations 
of  the  earth,  in  being  boundaries  and  bulwarks  to 
them.  But  there  is  only  one  ufe  more  that  I fhall 
infill  on,  and  that  is, 

6.  And  lallly,  that  it  is  to  the  hills  that  the 
fountains  owe  their  rife,  and  the  rivers  their  con- 
veyance. As  It  is  not  proper,  fo  neither  lhall  I 
here  enter  into  any  difpute  about  the  origin  of 
fprings,  commonly  alEgned  by  curious  and  learned 
philofophers.  But  whether  their  origin  be  from 
condenfed  vapours,  as  fome  think  (/) ; or  from 
rains  falling,  as  others ; or  whether  they  are  de- 
rived from  the  fea  by  way  of  attraclion,  percola- 
tion, or  diflillation ; or  whether  all  thefe  caufes 
concur,  or  only  fome,  frill  the  hills  are  the  grand 
agent  in  this  prodigious  benefit  to  all  the  earth : 
thofe  vafr  mafles  and  ridges  of  earth  ferving  as  fo 
many  huge  alembics  or  cola  in  this  noble  work  of 
Nature. 

But  be  the  modus.)  or  the  method  Nature  takes 
in  this  great  work  as  it  will,  it  is  fufficient  to  my 
purpofe,  that  the  hills  are  a grand  agent  in  this  fo 
noble  and  necelfary  a work : and  confequently, 
that  thofe  vafr  mafles,  and  lofty  piles,  are  not  as 
they  are  charged,  fuch  rude  and  ufelefs  excre- 
fcences  of  our  ill-formed  globe  ; but  the  admirable 
tools  of  Nature,  contrived  and  ordered  by  the  in- 

(/)  See  haoli  i.  chap,  in.  note  {b). 

finite 
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finite  Creator,  to  do  one  of  its  mofl  ufeful  works, 
and  to  difpenfe  this  great  bleffing  to  all  parts  of 
the  earth  ; without  which  neither  animals  could 
live,  nor  vegetables  fcarcely  grow,  nor  perhaps 
minerals,  metals,  or  folTiles  receive  any  increafe. 
For  was  the  furface  of  the  earth  even  and  level, 
and  the  middle  parts  of  its  iflands  and  continents 
not  mountainous  and  high,  (as  now  it  is,)  it  is 
moft  certain  there  could  be  no  defcent  for  the 
rivers,  no  conveyance  for  the  waters  ; but  inftead 
of  gliding  along  thofe  gentle  declivities  which  the 
higher  lands  now  alFord  them  quite  down  to  the 
fea,  they  would  ftagnate,  and  perhaps  ftink,  and 
alfo  drown  large  trafts  of  land. 

But  indeed,  without  hills,  as  there  could  be 
no  rivers,  fo  neither  could  there  be  any  foun- 
tains, or  fprings  about  the  earth ; becaufe,  if  we 
could  fuppofe  a land  could  be  well  watered  (which 
I think 'not  poffible)  without  the  higher  lands,  the 
waters  could  find  no  defcent,  no  paffage  through 
any  commodious  outlets,  by  virtue  of  their  own 
gravity ; and  therefore  could  not  break  out  into 
thofe  commodious  paflages  and  currents,  which  we 
every  where  ahnofi;  find  in  or  near  the  hills,  and 
feldom  or  never  in  large  and  fpacious  plains; 
and  when  we  do  find  them  in  them,  it  is  generally 
at  great  and  inconvenient  depths  of  the  earth  ; 
nay,  thofe  very  fubterraneous  waters,  that  are  any 
where  met  with  by  digging  in  thefe  plains,  are  in 
all  probability  owing  to  the  hills,  either  near  or 
far  diftant : as  among  other  inftances  may  be  made 
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out,  from  the  forcible  eruption  of  the  fubterrane- 
ous  waters  in  digging  wells  in  the  Lower  Aujlriay 
and  the  territories  of  Modena^  and  Bologna  in  Ilaly, 
mentioned  by  my  fore-named  learned  friend  Mr. 
Ray(Ji}.  Qr  if  there  be  any  fuch  place  found 
throughout  the  earth,  that  is  devoid  of  mountains, 
and  yet  well  watered,  as  perhaps  fome  fmall 
iflands  may ; yet  in  this  very  cafe,  that  whole 
mafs  of  land  is  no  other  than  as  one  mountain 

(i)  Mot^ieur  Blimdel,  related  to  the  Parifian  academy^  'what 
device  the  inhabitants  of  the  Lower  Auftria  ( which  is  encom- 
pcifed  with  the  mountains  of  Stiria)  are  wont  to  ufe  to  fll  their 
weds  with  water*  They  dig  in  the  earth  to  the  depth  of  twenty- 
Jive  and  twenty  feet,  till  they  come  to  an  argilla  [clammy  earthj 
„ .. — which  they  bore  through  fo  deep,  till  the  waters  break  forcibly 
€ut ; which  water  it  is  probable  comes  from  the  neighbouring  moun- 
tains in  fubterraneou?  channels.  And  Caffinus  obferved,  that  hi 
many  places  of  the  territory  of  Modena  and  Bologna  in  Italy,  they 
make  themf elves  wells  by  the  like  artifice,  «Scc.  By  this  means  the 
fame  Seig-Caflini  made  a fountain  at  the  caflle  of  Urbin,  that  cajl 
up  the  water  fve  foot  high  above  the  level  of  the  ground. — Ray’s 
Difc.  I.  p,  40.  ubi  plura. 

Upon  inqioiry  of  fome  lldiful  workmen,  whofe  bufinefs  it 
is  to  dig  wells,  i^c.  whether  they  had  ever  met  with  the  like 
cafe,  as  thefe  in  this  note,  they  told  me  they  had  met  witli 
it  in  EJfex,  where,  after  they  had  dug  to  fifty  foot  depth,  the 
man  in  the  well  obferved  the  clayey  bottom  to  fwell  and  be- 
gin to  fend  out  tvater,  and  ftamping  with  his  foot  to  ftop  the 
water,  he  made  way  for  fo  fudden  and  forcible  a flux  of  water, 
that  before  he  coifid  get  into  his  bucket,  he  was  above  his 
wafle  in  water  ; which  foon  afeended  to  fcventceu  feet  height, 
and  there  ftayed  : and  although  they  often,  with  great  labour, 
endeavoured  to  empty  the  well,  in  order  to  finilh  their  work, 
yet  they  could  never  do  it,  but  were  forced  to  leave  it  as  it 
was. 
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defcending  (though  unpercelvedly)  gently  down 
from  the  midland  parts  -to  the  fea,  as  mofl;  other 
lands  do  ; as  is  manifeft  from  the  defcent  of  their 
rivers,  the  principal  of  which  in  moll:  countries 
have  generally  their  rife  in  the  more  lofty  midland 
parts. 

And  now  confidering  what  hath  been  faid  con- 
cerning this  laft  ufe  of  the  hills,  there  are  two  or 
three  afts  of  the  Divine  Providence  obfervable 
therein.  One  is,  that  all  countries  throughout  the 
whole  world  fliould  enjoy  this  great  benefit  of 
mountains,,  placed  here  and  there,  at  due  and  pro- 
per diftances,  to  afford  thefe  feveral  nations  this 
excellent  and  mod  neceffary  element  the  waters. 
For  according  to  Nature’s  tendency,  when  the 
earth  and  waters  were  feparated,  and  ordered  to 
their  feveral  places,  the  earth  mud  have  been  of 
an  even  furface,  or  nearly  fo.  The  feveral  com- 
ponent parts  of  the  earth  mud  have  fubfided  ac- 
cording to  their  feveral  fpecific  gravities,  and  at 
lad  have  ended  in  a large,  even,  fpherical  furface, 
every  where  equi-didant  from  the  centre  of  the 
globe.  But  that  indead  of  this  form,  fo  incom- 
modious for  the  conveyance  of  the  waters,  it  fhould 
be  jetted  out  every  where  into  hills  and  dales,  fo 
neceffary  for  that  purpofe,  is  a manifed  fign  of  an 
efpecial  Providence  of  the  wife  Creator. 

So  another  plain  fign  of  the  fame  efpecial  Pro- 
vidence of  God,  in  this  matter,  is,  that  generally, 
throughout  the  whole  world,  the  earth  is  fo  dif- 
pofed,  fo  ordered,  fo  well-laid  j I may  fay,  that  the 
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midland  parts,  or  parts  farthefl;  from  the  fea,  are 
commonly  the  higheft : which  is  manifefl:,  I have 
faid,  from  the  defcent  of  the  rivers.  Now  this  is 
an  admirable  provifion  the  wife  Creator  hath  made 
for  the  commodious  palfages  of  the  rivers,  and  for 
draining  the  feveral  countries,  and  carrying  olF  the 
fuperfluous  waters  from  the  whole  earth,  which 
would  be  as  great  an  annoyance,  as  now  they  are 
a convenience. 

Another  providential  benefit  of  the  hills  fupply- 
ing  the  earth  with  water,  is,  that  they  are  not  only 
inflrumental  thereby,  to  the  fertility  of  the  valleys, 
but  to  their  own  alfo  (/) ; to  the  verdure  of  the 
vegetables  without,  and  to  the  increment  and  vi- 
gour of  the  treafures  within  them. 

Thus  having  vindicated  the  prefent  form  and  fa- 
bric of  the  earth,  as  diftributed  into  mountains 

(/)  As  the  hills  being  higher,  are  naturally  difpofed  to  be 
drier  than  the  valleys  ; fo  kind  Nature  hath  provided  the 
greater  fupplies  of  moifture  for  them,  fuch  at  leaft  of  them  as 
do  not  afeend  above  the  clouds  and  vapours.  For,  befides  the 
fountains  continually  watering  them,  they  have  more  dews 
and  rains  commonly  than  the  valleys.  They  are  more  fre- 
quently covered  with  fogs  ; and  by  retarding,  Hopping,  or 
comprelfing  the  clouds,  or  by  their  greater  colds  condenfing 
them,  they  have  larger  quantities  of  rain  fall  upon  them  : as 
I have  found  by  adlual  experience,  in  comparing  my  obferv- 
ations  with  thofe  of  my  late  veiy  curious  and  ingenious  cor- 
refpondent,  'Richard  Tonunley,  efq.  of  Lancajbire,  and  fomc 
others,  to  be  met  with  before,  chap.  il.  mte  (a).  From  which 
it  appears,  that  above  double  the  quantity  ot  rain  falleth  in 
I.ancajloire,  than  doth  at  Upminfler.  The  reafon  of  which  is, 
becaufe  Lancajlnre  hath  more,  and  much  higher  hills  than 
Effex  hath.  Sec  book  ii.  chap.  note  (e). 
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and  valleys,  and  thereby  fliewn  in  fome  meafure 
the  ufe  thereof,  particularly  of  the  mountains, 
which  are  chiefly  found  fault  with  ; I have,  I hope, 
made  it  in  fome  meafure  evident,  that  God  was  no 
idle  fpedlator  (;«),  nor  unconcerned  in  the  ordering 
of  the  terraqueous  globe,  as  the  former  bold  charges 
againft  it  do  infer ; that  he  did  not  fuffer  fo  grand 
a work  as  the  earth  to  go  unfinilhed  out  of  his 
Almighty  Hand ; or  leave  it  to  be  ordered  by 
chance,  by  natural  gravity,  by  cafual  earthquakes, 
tffc.  but  that  the  noble  ftrokes,  and  plain  remains 
of  wifdom  and  power  therein,  do  manifefl:  it  to  be 
his  work.  That  particularly  the  hills  and  vales, 
though  to  a peevifli  weary  traveller  they  may 
feem  incommodious  and  troublefome,  yet  are  a 
noble  work  of  the  great  Creator,  and  wifely  ap- 
pointed by  him  for  the  good  of  our  fublunary 
world. 

\ 

And  fo  for  all  the  other  parts  of  our  terraque- 
ous globe,  that  are  prefumed  to  be  found  fault 
with  by  fome,  as  if  carelefsly  ordered,  and  tnade 
without  any  defign  or  end  ; particularly  the  dif- 
tribution  of  the  dry  land  and  waters  ; the  laying 
the  fever al  ftrata,  or  beds  of  earth,  done,  and 


(ot)  Accufandi  fane  med  fententid  h'lc  funt  fophijla,  qul  cum  non- 
dum  invenire,  neque  exponere  opera  Naturts  queant,  earn  tamen  iner- 
tia atque  infcitia  condemnanl,  &c. — “ Thofe  fophifts  are,  in  my 
opinion,  truly  blamable,  who,  unable  to  inveftigate  or  to  ex- 
plain the  operations  of  Nature,  yet  pretend  to  accufe  her  of 

ignorance  and  unfldlfulncf3.”-~G^«/i”«.  de  Uf.  part  i.  1.  10. 
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other  layers  before  fpoken  of ; the  creation  of 
noxious  animals,  and  poifonous  fubftances ; the 
boiflerous  winds  ; the  volcano’s,  and  many  other 
things  which  fome  are  angry  with,  and  will  pre- 
tend to  amend  : I have  before  fhewn,  that  an  infi- 
nitely wife  Providence,  an  Almighty  Hand  was 
concerned  even  in  them ; that  they  all  have  their 
admirable  ends  and  ufes,  and  are  highly  inftru- 
mental  and  beneficial  to  the  being,  or  well-being 
of  this  our  globe,  or  to  the  creatures  refiding 
thereon. 

So  alfo  for  human  bodies,  it  hath  been  an  an- 
cient (n),  as  well  as  modern  complaint,  that  our 

bodies 


(«)  F^ide  quam  iniqut  Jint  divlnorum  munerum  ajl'matores,  etiam 
quidcim  prof^  fapientiam.  ^ueruntur  quod  non  magnitudine  cor- 
porum  aquemiis  elephantes,  velocitate  cervos,  levitate  aves,  impetu 
tauros ; quod  folidior  Jit  cutis  belluis,  decentior  damis,  detjior 
ntjis,  molUor  Jibris ; quod  fagacitate  nos  narium  canes  vine  ant, 
quod  acie  luminuin  aquila,  fpatio  atatis  corvi,  multa  animalia 
nandi  facilitate.  Et  cum  quadam  ne  coire  quidem  in  idem  Natura 
patiatur,  ut  velocitatem  corporis  vires  pares  animalibus  bahea~ 
mus ; ex  divetjis  £3*  dijfidentibus  bonis  hominem  non  ejfe  compqfi- 
tum,  injuriam  vacant ; £5*  in  negligentes  nojlri  Deos  querimoniam 
jaciunl,^  quod  non  bona  valetudo,  £3”  vitiis  inexpugnabilis  data 
Jit,  quod  non  futuri  feientia.  Fix  Jibi  temperant  quin  eoufque 
impudentia  provehantur,  ut  Naturam  oderint,  quod  infra  Deos  fu- 
mus,  quod  non  in  aquo  tilts  Jletimus. — “ Mark  how  unjuftly 
the  Divine  Bounty  Is  eftimated  even  by  thofe  who  pretend 
to  be  phllofophers.  They  complain  that  man  does  not  equal  the 
elephant  In  bulk,  the  flag  in  velocity,  the  birds  In  llghtnefs, 
the  bull  In  ftrength  ; they  complain  that  Nature  fhould  have 
given  a ftrongcr  Ikin  to  the  wild  beads  than  to  them  ; a finer 
covering  to  the  doe,  a thicker  to  the  bear,  a fofter  to  the 
beaver : that  the  dogs  furpafs  us  in  acut^efs  of  fmcll, 

the 


CH.  IV, 


THE  CONCLUSION. 


I2'9 

bodies  are  not  as  big  as  thofe  of  other  animals ; that 
we  cannot  run  as  fwift  as  deer,  fly  like  birds,  and  that 
we  are  out-done  by  many  creatures  in  the  accuracy 
of  the  fenfes,  with  more  to  the  fame  purpofe*  But 
thefe  objeflions  are  well  anfwered  by  Seneca  (o), 
and  will  receive  a fuller  folution  from  what  I fliall 
obferve  of  animal  bodies  hereafter. 

But  indeed,  after  all,  it  is  only  for  want  of  our 
knowing  thefe  things  better,  that  we  do  not  ad- 


the  eagles  in  fight,  the  ravens  In  longevity,  and  a variety  of 
animals  in  the  faculty  of  fwimming.  And  even  in  thofe  parti-j. 
culars  which  Nature  has  refufed  to  combine,  fuch  as  the 
greatefl  ftrength  and  the  greateft  velocity,  they  think  they  are 
unjuftly  dealt  with,  if  for  their  fake  the  moft  difcordant  qua- 
lities are  not  united  ; they  accufe  the  Gods,  that  human  Nature 
is  fubjefl  to  Infirmity  and  difeafe ; they  repine  that  they  have 
not  a knpwledge  of  futurity.  Scarcely  do  they  refrain  from 
curfing  Nature  for  not  forming  them  equal  to  the  Divinity.” 
— Seneca  de  Benef.  lib.  2.  c.  29. 

(0)  ^anto  fattus  ejt  ad  contemplationeni  tot  tantoftmque  hene- 
jictonm  reverti,  £3*  agere  gratlas,  quod  nos  in  hoc  pulcherrimo  do‘ 
micilio  voluerunt  (Dii)  fecundos  fortiri,  qubd  terrenh  pr^fecerunt. 
— How  much  better  is  it  to  turn  to  the  k:ontemplation  of 
fuch  various,  fuch  extenfive  bleflings,  and  to  render  thanks  to 
the  Divinity  for  having  placed  us  Inferior  only  to  himfelf  in 
this  beautiful  manfion  ; for  having  fet  us  above  all  other  earthly 
creatures.”— Then  having  reckoned  up  many  of  the  privileges 
and  benefits,  which  the  Gods,  he  faith,  have  conferred  upon 
us,  he  concludes,  Ita  ejl : carijfimos  nos  habuerunt  Dii  immortales, 
hahentque.  Et  qui  maximus  tribui  hofios  potuit,  ah  ipfis  proximos 

eollocaverunt.  Magna  accepimus,  majofa  non  cepimus “ For  fo 

it  is  : we  are  moft  dear  in  the  fight  of  the  Gods,  and  always 
have  been  fo : for  (what  is  our  higheft  honour)  they  have 
ranked  us  next  to  themfelves.”— Ibid. 
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mire  (/>)  them  enough  ; it  is  our  own  ignorance, 
dulnefs,  or  prejudice,  that  makes  us  charge  thofe 
noble  works  of  the  Almighty,  as  defeds  or  blun- 
ders, as  ill-contrived,  or  ill  made. 

It  is  therefore  fitter  for  fuch  finite,  weak,  igno- 
rant beings  as  we,  to  be  humble  and  meek,  and 
confcious  of  our  ignorance,  and  jealous  of  our  own 
judgment,  when  it  thus  confronteth  infinite  wif- 
dom.  Let  us  remember  how  few  things  we  know, 
how  many  we  err  about,  and  how  many  we  are 
ignorant  of : and  thofe,  many  of  them,  the  moft 
familiar,  obvious  things ; things  that  we  fee  and 
handle  at  pleafure  ; yea,  our  own  very  bodies,  and 
that  very  part  of  us  whereby  we  underftand  at 
' all,  our  foul.  And  fiiould  we  therefore  pretend  to 
cenfure  what  God  doth  ! Should  we  pretend  to 
amend  his  work  1 or  to  advife  infinite  wifdom ! 
or  to  know  the  ends  and  purpofes  of  his  infinite 
will,  as  if  we  were  of  his  council ! No,  let  us  bear 
in  mind,  that  thefe  objections  are  the  produds, 
not  of  reafon,  but  of  peevilhnefs.  They  have  been 
incommoded  by  ftorms  and  tempefls ; they  have 
been  terrified  with  the  burning  mountains,  and 
earthquakes ; they  have  been  annoyed  by  the  nox- 
ious animals,  and  fatigued  by  the  hills  j and  there- 
fore are  angry,  and  will  pretend  to  amend  thefe 
works  of  the  Almighty.  But  in  the  words  of  St. 

(/)  Naturam  maxime  admlraberls ^ Ji  omnia  ^us  opera  perluf 
Jlrdrts, — “ Could  you  furvey  all  the  works  of  Nature,  great 
would  be  your  admiration.” — Gakn.  de  Uf-  Part,  L ii.  con- 
aluf. 

^ Paul, 
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F<iul  {q\  we  may  fay,  Nay,  but  0 inan,  who  art 
thou  that  replieji  againji  God  ? Shall  the  thing  for?n~ 
ed  fay  to  him  that  formed  it.  Why  haft  thou  made 
me  thus  ? Hath  not  the  potter  power  over  the  clay, 
vf  the  fame  lump,  to  make  one  vejfel  to  honour,  and 
another  to  dijhonour  ? If  the  Almighty  Lord  of 
the  world  had,  for  his  own  pleafure,  made  this 
our  world  more  inconvenient  for  man,  it  would 
better  become  us  to  fit  ftill,  and  be  quiet ; to  la* 
ment  our  own  great  infirmities  and  failings,  which 
deferve  a worfe  place,  a more  incommodious  habit- 
ation, than  we  meet  with  in  this  elegant,  this  well- 
contrived,  well-formed  world ; in  which  we  find 
every  thing  neceffary  for  the  fuftentation,  ufe,  and 
pleafure,  both  of  man,  and  every  other  creature 
here  below  ; as  well  as  fome  whips,  fome  rods  to 
fcourge  us  for  our  fins  (r).  But  yet  fo  admira- 
bly well  tempered  is  our  date,  fuch  an  accord, 

(y)  Rom.  ix,  io,  ii* 

(r)  Neither  are  they  [noxious  creatures]  oftefs  ufe  to  amend 
9ur  minds,  by  teaching  us  care  and  diligence,  and  more  wit.  And 
fo  much  the  more,  the  worfe  the  things  are  we  fee,  and  Jhould 
avoid.  Weazels,  kites,  and  other  mifchievous  animals,  induce 

to  a watchfulnefs  .•  thiftles  and  moles  to  good  hujbandry ; 
bee  oblige  us  to  cleanlinefs  in  our  bodies  ; fpiders  irl  our  houfes  s 
and  the  moth  in  our  clothes.  The  deformity  and  filthinefs  of 
Iwine,  make  them  the  beauty  fpot  of  the  animal-creation,  and  the 
emblems  of  all  vice.^The  truth  is,  things  are  hurtful  to  ut  only  bv 
accident;  that  is,  not  of  necejfity , but  through  our  own  negligence 
crniijlake.  Houfes  detay,  corn  is  blajled,  and  the  nveaicel  breeds  in 
rmlt,fooneJl  towards  the  South.  Be  it  fo,  it  is  then  our  own 
Jault,  if  we  ufe  not  the  means  which  Nature  and  art  have  provided 
•gatnjl  thefe  inconveniences.^Grew'i  Cofmol.  c.  2.  febi.  49,  50. 
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fuch  an  harmony  is  there  throughout  the  creation, 
that  if  we  will  but  purfue  the  ways  of  piety  and 
virtue,  which  God  hath  appointed ; if  we  will 
form  our  lives  according  to  the  Creator’s  laws,  we 
may  efcape  the  evils  of  this  our  frail  ftate,  and 
find  fufficient  means  to  make  us  happy  whilft  we 
are  in  the  body.  The  natural  force  and  tendency 
of  our  virtue,  will  prevent  many  of  the  harms  (/), 
and  the  watchful  Providence  of  our  Almighty  Be- 
nefaftor  will  be  a guard  againft  others ; and  then 
nothing  is  wanting  to  make  us  happy,  as  long  as 
we  are  in  this  world,  there  being  abundantly 
enough  to  entertain  the  minds  of  the  moft  contem- 
plative ; glories  enough  to  pleafe  the  eye  of  the 
mofl;  curious  and  inquifitive  ; harmonies  and  con- 
forts  of  Nature’s  own,  as  well  as  man’s  making, 
fufficient  to  delight  the  ear  of  the  moll  harmoni- 
ous and  mufical ; all  forts  of  pleafant  gufto’s  to 
gratify  the  tafte  and  appetite,  even  of  the  mofb 
' luxurious ; and  fragrant  odours  to  pleafe  the  niceft 
and  tenderefl  fmell : and  in  a word,  enough  to 
make  us  love  and  delight  in  this  world,  rather  too 
much  than  too  little,  confidering  how  nearly  we 
are  allied  to  another  world,  as  well  as  this. 

(y)  Nunquam  Sfygias  fertur  ad  umbras 

Inclyta  virtus,  Senec.  Her.  Oet.  A.&.  5-  Car.  T982. 

“ True  virtue  rauft  efcape  the  Stygian  fliades.” 
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P.  the  lafl:  Book,  having  furveyed  the  earth  itfelf 
in  particular,  I fliall  next  take  a view  of  the  in- 
habitants thereof ; or  the  feveral  kinds  of  crea- 
tures (^^),  that  have  their  habitation,  growth,  or 
fubfiftence  thereon. 

(a)  Prlnciplo  ccelurtii  ac  terras,  campofque  Itquentesf 
Lvcenlemque  glolum  Lme,  Titaniaque  ajlra 
Spiritus  intus  alit,  totamque  infufa  per  artus 
Mens  agitat  molem,  ^ magno  fe  corpore  mifcet. 

Inde  hominum,  pecudumque  genus,  vitaque  ’volantum, 

Et  qua  marmoreo  fert  monjlra  fair  aquore  pontus,  ■ , 

Igneiis  ejl  ollis  vigor,  £5*  ccchjlis  origo 

Seminilus.  Virg.  .ZEneid.  /.  6.  earn.  724. 

“ Know  firft  that  heaven  and:  earth’s  compared  frame. 
And  flowing  waters,  and  the  ftarry  flame. 

And  both  the  radiant  lights,  one  common  foul 
Infpires  and  feeds,  and  animates  the  whole. 

This  adlive  mind  infus’d  through  all  the  fpace. 

Unites,  and  mingles  with  the  mighty  mafs. 

Hence  men  and  beafts  the  breath  of  life  obtain. 

And  birds  of  air,  and  monfters  of  the  main. 

Th’  etherial  vigour  Is  In  all  the  fame, 

And  ev’ry  foul  Is  fill’d  with  equal  flame.” 

Dryden’s  Virgil. 
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Thefe  creatures  are  either  fenfitive,  or  infenfitive 
creatures. 

In  fpeaking  of  thofe  endowed  with  fenfe,  I fliall 
confider ; 

I.  Some  things  common  to  them  all. 

II.  Things  peculiar  to  their  tribes. 

I.  The  things  in  common,  which  I intend  to 
take  notice  of,  are  thefe  ten : 

1.  The  five  fenfes^  and  their  organs. 

2.  The  great  inftrument  of  vitality,  refpiration. 

3.  The  motion^  or  loco-motive  faculty  of  ani^ 
mals. 

4.  The  place ^ in  which  they  live  and  a£l. 

5.  The  balance  of  their  numbers. 

6.  Their  food. 

7.  Their  clgathing. 

8.  Their  houfes,  nejis,  or  habitations. 

9.  Their  methods  of  felf-prefervation. 

10.  Their  generation  and  confervation  of  their 
fpecies  by  th^t  means. 
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^HE  firfl:  thing  to  be  confidered,  in  common  to 
all  the  fenfitive  creatures,  is,  their  faculty  of 
feeing,  hearing,  fynelling,  tafiing,  and  feeling  ; and 
the  organs  minillring  to  thefe  five  fenfes,  together 
with  the  exa6i  accommodation  of  thofe  fenfes,  and 
their  organs,  to  the  ftate  and  make  of  every  tribe 
of  animals  (a).  The  confideration  of  which  par- 
ticulars alone,  were  there  no  other  demonftrations 
of  God,  is  abundantly  fufficient  to  evince  the  in- 
finite wifdom,  power,  and  goodnefs  of  the  great 
Creator.  For  who  can  but  Hand  amazed  at  the 
glories  of  thefe  works  ! at  the  admirable  ardfice 
of  them ! and  at  their  noble  ufe  and  perform- 
ances ! For  fuppofe  an  animal,  as  fuch,  had 
breath  and  life,  and  could  move  itfelf  hither  and 
/ 

{«  ) Ex  fenftbm  ante  cnetera  homini  ta8us,  detnde  guftatus  : re- 
liquts  fuperaiur  a multis.  Jlquila  clanus  cernuni  : vnl/ure^  figo- 
cius  odorantur,  liquidius  audiunt  talpx  ohrule  terrdy  t(im  denjo  atque 
furdo  natura  elemento. — “ The  moft  exquifite  of  the  fenfes  in 
man  are  the  touch  and  tafte ; in  the  other  fenfes  he  is  furpaffed 
by  many  animals.  The  eagles  have  a clearer  fight ; the  vul- 
tures arc  more  fagacioua  in  the  fenfe  of  fmelling : the  moles 
burled  in  the  earth,  the  denfeft  and  moll  impenetrable  of  ele- 
mcats,  furpafs  us  in  acutenefs  of  hearing,” — Pl'm.  Nat.  Hif. 
1.  10.  c.  69. 
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thither  j yet  how  could  it  know  whither  to  go, 
what  it  was  about,  where  to  find  its  food,  how  to 
avoid  thoufands  of  dangers  (b)^  without  fight ! 
How  could  man,  particularly,  view  the  glories  of 
the  heavens,  furvey  the  beauties  of  the  fields,  and 
enjoy  the  pleafure  of  beholding  the  noble  variety 
of  amufing  objedls,  that  do,  above  us  in  the 
heavens,  and  here  in  this  lower  world,  prefent 
theinfelves  to  our  view  every  where ; how  enjoy 
this,  I fay,  without  that  admirable  fenfe  of  Jight  (t)/ 
How  could  alfo  the  animal,  without  fmell  and  tajie, 
diftinguifh  its  food,  and  difcern  between  whole- 
fome  and  unwholefome ; befides  the  pleafures  of 
delightful  odours,  and  relifhing  gufto’s ! How, 
without  that  other  fenfe  of  hearings  could  it  difi 
cern  many  dangers  that  are  at  a difiance,  under- 
fiand  the  mind  of  others,  perceive  the  harmonious 
founds  of  mufic,  and  be  delighted  with  the  melo- 
dies of  the  winged  choir,  and  all  the  reft  of  the 
harmonies  the  Creator  hath  provided  for  the  de- 
light and  pleafure  of  his  creatures ! And  laftly, 

{h')  Suhjac-ent  oculi,  pars  corporis  pretlq/tjjima,  qui  lucis  ufu 
vitam  difliiiguant  a morte. — “ Under  the  forehead  lie  the  eyes, 
the  molt  precious  of  our  organs,  and  which  by  their  perception 
of  the  light,  indicate  the  diftindtion  between  life  and  death.” 
Plin.  Nat.  Hifl.  1.  II.  C.  37. 

(r)  Focmina  aHqua  Megarenfes  Jolts  oculis  dlfcernere  valebant 
inter  ova  qua  ex  gallind  nigra,  ^ qua  ex  alia  nata funt, — “ That 
fome  of  the  Megarean  women  could  diftinguiih,  folefi''  by  the 
eye,  between  the  eggs  of  a black  hen  and  thofe  of  a white,” — 
is  what  is  affirmed  (how  truly  I know  not)  by  Grimald.  </f 
J.umin.  y Color,  Pr.  43.  fed.  60, 
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how  could  man,  or  any  other  creature,  diftinguifli 
pleafure  from  pain,  health  from  ficknefs,  and  con- 
fequently  be  able  to  keep  their  body  found  and 
entire,  without  the  fenfe  of  feding  ! Here,  there- 
fore, we  have  a glorious  ceconomy  in  every  animal, 
that  commandeth  admiration,  and  deferveth  our 
contemplation : as  will  better  appear  by  coming  to 
particulars,  and  diftinftly  confidering  the  provifion 
which  the  Creator  bat^  made  for  each  of  thefe 
fenfes. 
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CHAP.  n. 

Of  the  Eye. 

pOR  our  clearer  proceeding  in  the  confideration 
of  this  noble  part  (a),  and  underftanding  its 
ceconomy,  I lhall  confider, 

(^)  In  (TiJfeBiomhus  anatomich  vix  aViqmd  admirabiViut,  aut 
artifclqjius  JlruBurd  ocidi  humani,  meo  quidem  judicio,  occurrit  t 
vt  merilo,  per  excellentiam,  Creatorls  appelletvr  miraculutn. — “ In 
anatomical  diffedllone,  there  is  fcarcely  any  thing  which,  in  my 
opinion,  is  more  admirable  or  piore  confummately  artificial  than 
the  ftrufture  of  the  eye,  fo  that  it  Is  defervedly  termed  by  way 
of  excellence  the  Miracle  of  the  Creator’s  power.” — Gul. 
Fair.  Hildan.  Cent.  z.  Obferv.  i. 

So  likewife,  that  accurate  furveyor  of  the  eye.  Dr.  Briggs^ 
whofe  Ophthalmography  I have  met  with  fince  my  penning  this 
part  of  my  furvey.  His  charafter  of  this  curious  piece  of 
God’s  ■work  is,  Inter  preecipuas  corporis  animati  partes,  quse  mag- 
ni  Conditoris  nojlri  fapientiam  ojlendunt,  nulla  fane  reperitur,  qua 
jnajori  pompd  elucet  quam  ij)fe  oculus,  aut  qua  elegantiori  formd 
concinnatur.  Feum  enim  alia  partes  vel  mineri  fatellitio  Jlipanlur, 
vel  in  tantam  menujlatem  hand  cffurgunt  : ocelli  peculiarem  honorem 
decns  d fupremo  Numine  ejjlatum  referunt,  fS*  nunquam  non  Jlu- 
penda  fua  potejilia  charaBeres  reprafentant.  Nulla  fane  pars  tarn  divi- 
no  artifcio  ^ ordine,  c. — “ Among  thofe  parts  of  the  animated 

body,  which  chiefly  prove  the  wifdom  of  eur  great  Creator, 
there  is  none  more  ^eminent  or  illuftrious  than  the  eye ; none 
more  elegantly  or  curioufly  framed.  Other  parts  which  fcarce- 
ly arife  to  fuch  beauty,  may  be  faid  to  form  tlie  inferior  train 
of  the  divine  pomp  and  majefty : but  the  eyes,  in  a peculiar 
manner,  fpeak  forth  the  dignity  and  honour  of  the  Supreme 
Being,  and  reprefent  In  lively  charaiEters  his  ftupendous  power. 
No  part  Is  framed  with  fuch  divine  Ikill  and  fymmetr)'.”—. 
Cap.  i.  fed.  1. 
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1.  The  form  of  the  eye.  ^ 

2.  Its  Jituation  in  the  body. 

Its  motions f 

4.  Its  fze, 

5.  Its  number. 

6.  parts, 

7.  The  guard  and  fecurlty  Nature  hath  provided 
for  this  fo  ufeful  a part. 

As  this  eminent  part  hath  not  been  pretermitted 
by  authors,  that  have  made  it  their  particular  de- 
fign  and  bufmefs  to  fpeak  of  the  works  of  God  ; 
fo  divers  of  the  aforefaid  particulars  have  been 
touched  upon  by  them.  And  therefore  I fhall  take 
in  as  little  as  poflible  of  what  they  have  faid,  and 
as  near  as  I can,  mention  chiefly  what  they  have 
omitted.  And, 

1.  For  the  form  of  the  eye;  which  is  for  the 
moft  part  globous,  or  fomewhat  of  the  fphasroidal 
form,  which  is  far  the  moft  commodious  optical 
form,  as  being  fitteft  to  contain  the  humours  with- 
in, and  to  receive  the  images  of  objefls  from  with- 
out (f).  Was  it  a cube,  or  of  any  multangular 

form, 

{b)  It  is  a good  reafon  Friar  Bacon  afligns  for  the  fphaeri- 
city  of  the  eye  : Nam  Ji  ejfet  planet  Jigura,  fpecies  ret  majorir 
oculo  non  pojfet  cadere  perpendiculariter  fuper  eum — cum  ergo  ocular 
mldet  magna  corpora.,  at  fere  quartam  call  uno  afpeSlu,  mantfejlum 
dly  quod  non  potejl  ejfe  plana  fgura,  nec  alicujus  nj/t  fphartca,  quo- 
niam  fuper  fpharam  parvam  poffunt  cadere  perpendiculares  infinitaf 
^ua  a magno  corpore  veniunt,  Ss*  tendunt  in  centrum  fphtera : et 
fic  magnum  corpus  potejl  ah  oculo  parvo  •uideri. — “ For  if  it  were 
f>f  a plain  furface,  the  figure  of  any  objeft  greater  than  the 
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form,  fome  of  its  parts  would  He  too  far  off  (c), 
and  fome  too  nigh  thofe  lenticular  humours,  which 
by  their  refraftions  caufe  vifion.  But  by  means 
of  the  form  before-mentioned,  the  humours  of  the 
eye  are  commodioufly  laid  together,  to  perform 

eye  itfelf  could  not  fall  perpendicularly  upon  it.  Since,  then,  the 
eye  can  behold  great  objects,  as  for  inftance,  almoll  a fourth 
part  of  the  heavens  at  one  view,  it  is  manifeft  that  for  this  pur- 
pofe  it  could  not  have  been  of  a plain  figure,  or  of  any  other 
than  a fphericai  : for  an  infinite  number  of  perpendicular  lines 
rfiay  fall  upon  a fmall  fphere  coming  from  all  the  great  objefts 
around,  and  tending  to  the  center  of  the  fphere.  And  thus  a 
very  great  body  can  be  feen  by  the  fraalleft  eye.”  For  the  de- 
monftration  of  which  he  hath  given  us  a figure. — Rog.  Bacon. 
PerfpeSt.  DiflinQ.  4.  c.  4. 

Dr.  Briggs  faith,  Pars  antica,  (Jive  cornea,)  convexior  ejl 
pojiicd  : hdc  etiitn  ratione  radii  melius  in  pupillam  detorquentur,  id 
ccuH  fundus  ex  alter d parte  in  majorem  ( propter  imagines  rerum 
iiidetn.  delineandas)  expanditur. — “ The  fore-part  or  cornea  is 
more  convex  than  the  hinder-part ; by  this  means  the  rays  are 
the  better  converged  upon  the  pupil : and  on  the  other  hand 
the  back-part  of  the  eye  is  the  more  expanded,  that  it  may 
contain  a greater  nuniber  of  images.” — Ibid.  fed.  2. 

(r)  Suppofe  the  eye  had  the  retina,  or  back  part,  flat  for 
the  reception  of  the  images,  as  in  plate  D fig.  5.  ABA  : it  is 
manifeft,  that  if  the  extremes  of  the  image  AA  were  at  a due 
focal  diftance,  the  middle  B would  be  too  nigh  the  cryftalllne, 
and  confequently  appear  confufed  and  dim ; but  all  parts  of 
the  retina  lying  at  a due  focal  diftance  from  the  cryftalllne,  a* 
at  ACA,  therefore  the  image  painted  thereon  Is  feen  diftinil 
and  clear.  Thus  in  a dark  room,  with  a lens  at  a hole  in 
the  window,  (which  Slurmius  calls  his  artificial  eye,  in  his 
Bxercit.  Acad,  one  of  which  he  had  made  for  his  pupils,  to 
run  any  where  on  wheels)  : In  this  room,  I fay,  if  the  paper 
that  receives  the  images  be  too  nigh,  or  too  far  off  the  lens, 
the  image  will  be  confufed  and  dim  ; but  in  the  focus  of  the 

glafs,  diftlnd,  clear,  and  a picafant  fight. 
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their  office  of  refraaion;  and  the  retina,  and  every 
ether  part  of  that  little  darkened  cell,  is  neatly 
adapted  regularly  to  receive  the  images  from  with- 
out, and  to  convey  them  accordingly  to  the  com- 
mon fenfory  in  the  brain. 

To  this  we  may  add  the  aptitude  of  this  figure 
to  the  motion  of  the  eye,  for  it  is  neceffary  for 
the  eye  to  move  this  way,  and  that  way,  in  order 
to  adjuft  itfelf  to  the  objeds  it  would  view : fo  by 
this  figure  it  is  well  prepared  for  fuch  motions,  fo 
that  it  can  with  great  facility  and  dexterity  direct 
itfelf  as  occafion  requires. 

And  as  the  figure,  fo  no  lefs  commodious  is, 

2.  The  fituation  of  the  eye,  namely,  in  the 
'head  (d),  the  mofl  ereft,  eminent  part  of  the 
body,  near  the  moft  fenfible,  vital  part,  the  brain. 
By  its  eminence  in  the  body,  it  is  prepared  to  take 
in  the  more  {e)  objedts.  And  by  its  fituatlon  in 
the  head,  befides  its  proximity  to  the  brain,  it  is 
in  the  mofl  convenient  place  for  defence  and  fe- 
curity.  In  the  hands,  it  might  indeed  (in  man)  be 


\d)  Bkmmyts  traduntur  capita  ahjfe,  ore  ^ oculis  peSori  af^ 
^xis. — “ It  is  laid,  that  the  Blemmyans  have  no  heads ; and 
that  their  mouths  and  eyes  are  placed  in  their  breafts.”— 
Plin.  Nat.  Hljl.  1.  5.  C.8. — Occideniem  versus  quofdam  fine  cer- 
vice  oculos  in  humeris  babentes. — “ To  the  Weft  there  are  cer- 
tain races  of  people  who  have  no  necks,  and  have  their 
eyes  in  their  Ihoulders.” — Ibid.  1.  7.  c.  2.  From  thefe,  and 
other  fuch  like  fables,  in  this  laft  cited  chapter  of  PUny,  no 
doubt  our  famous  romancer  Sir  J.  Mandevik  had  his  romantic 
ftories  related  in  his  travels. 

(e)  Sec  book  V.  ebap,  ii.  note  {e). 
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rendered  more  eminent  than  the  head,  and  be 
turned  about  here  and  there  at  pleafure  : but  then 
it  would  be  expofed  to  many  injuries  in  that  a£l:ive 
part,  and  the  hands  (/)  rendered  a lefs  active  and 
ufeful  part.  And  the  like  may  be  faid  to  its  fite, 
in  any  other  part  of  the  body  but  whete  it  is. 
But  iti  the  head,  both  of  man  and  other  ani-. 
mals,  it  is  placed  in  a part  that  feems  to  be  con- 
trived and  made  chiefly  for  the  aftion  of  the  prin- 
cipal fenfes. 

Another  thing  obfervable  in  the  fite  of  the 
eye,  is  the  manner  of  its  fituation  in  the  head,  in 
the  fore-part,  or  fide-part  thereof,  according  to  the 
particular  oecafions  of  particular  animals.  In  man, 
and  fome  other  creatures,  it  is  placed  to  look  di- 
re6Uy  forward  chiefly ; but  withal  it  is  fo  ordered, 
as  to  take  in  near  the  hemifphere  before  it.  In 
birds,  and  fome  other  creatures,  the  eyes  are  fo 
feated,  as  to  take  in  near  a whole  fphere,  that  they 
may  the  better  feek  their  food,  and  efcape  dangers. 
And  in  fome  creatures  they  are  feated,  fo  as  to  fee 
belt  behind  them  (^),  or  on  each  fide,  whereby 

(/)  Galen  deferves  to  be  liere  confulted,  who  in  his  book 
De  Ufa  Partiunit  from  many  confiderations  of  the  hand,  fuch 
as  what  is  here  mentioned,  as  alfo  its  ftrufture,  fite,  and  ufe, 
largely  proves  and  reflefls  upon  the  wifdom  and  providence  of 
the  Contriver  and  Maker  of  that  part. 

■ (^)  Thus  in  hares  and  conies^  their  eyes  are  veiy  protube- 
rant, and  placed  fo  much  towards  the  fides  of  their  head,  that 
their  two  eyes  take  in  nearly  a whole  fphere  ; whereas  in  dogsy 
(that  purfue  them,)  the  eyes  are  fet  more  forward  In  the  head, 
to  look  tliat  way  more  than  backward. 
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they  are  enabled  to  fee  their  enemy  that  purfues 
them  that  way,  and  fo  make  their  efcape. 

And  for  the  afliftance  of  the  eyes,  and  fome  of 
the  other  fenfes  in  their  aflions ; the  head  is  gene- 
rally made  to  turn  here  and  there,  and  move  as  oc- 
cafion  requires.  Which  leads  me  to  the, 

3.  Thing  to  be  remarked  upon,  the  motions  of  the 
eye  itfelf.  And  this  is  generally  upwards,  down- 
wards, backwards,  forwards,  and  every  way(^), 
for  the  better,  more  eafy,  and  diftind  reception  of 
the  vifual  rays. 

But  where  Nature  any  way  deviateth  from  this 
method,  either  by  denying  motion  to  the  eyes,  or 
the  head  (i),  it  is  a very  wonderful  provilion  fhe 

hath 

{!))  Sed  lubrtcos  oculos  fecit  [Natura]  £5*  mobiles,  uf  decli- 
naretit  Jiquid  noceret ; bf  afpeSum,  quo  vellent,  facile  convertereni. 
“ Nature  has  made  the  eyes  flippery  and  eafily  moved,  .that 
they  may  quickly  turn  afide  from  any  thing  that  could  hurt 
them,  and  turn  with  facility  to  any  objeft  of  fight.” — Cicer.  dt 
Nat.  Dear.  1.  2.  c.  57. 

(i)  The  eyes  o/" fpiders,  (in  fome  four,  in  fome  fix,  and  in 
fome  eight, ) are  placed  all  in  the  forefront  of  their  head,  ( which 
is  round,  and  without  any  nech,)  all  diaphanous  and  tranfparent, 
like  a locket  of  diamonds,  &c.  Neither  wonder  why  Prowdence 
Jhould  be  fo  anomalous  in  this  animal,  more  than  in  any  other  we 
know  of.  For,  i.  Since  they  wanting  a nech,  cannot  move  their 
head,  it  is  requifite  that  defeB  fhould  be  fuppUed  by  the  multiplicity 
of  eyes.  2.  Since  they  were  to  live  by  catching  fo  nimble  a prey 
as  a fly  is,  they  ought  to  fee  her  every  way,  and  to  take  her  per 
faltum,  ^ as  they  do,)  without  any  motion  of  the  head  to  dlfcover 
her  : which  motion  would  have  feared  away  fo  timorous  an  infeS. 
Power’s  Micro f.  Obferv.  ii. 
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hath  made  in  the  cafe.  Thus  for  a remedy  of 
this  inconvenience,  in  fome  creatures  their  eyes 
are  fet  out  at  a diftance  (^0  from  the  head,  to  be 
circumvolved  here  and  there;  or,  one  this,  the 
other  that  way,  at  pleafure.  And  in  creatures, 
whofe  eyes  are  without  motion,  as  in  divers  in- 
fers ; in  this  cafe,  either  they  have  more  than  two 
eyes,  or  their  eyes  are  nearly  two  protuberant  he- 
mifpheres,  and  each  hemifphere  often  confifting  of 
a prodigious  number  of  other  little  fegments  of  a 
fphere  (/).  By  which  means  thofe  creatures  are  fo 


7he  eyes  of  the  cameleon  refemhle  a lensy  or  convex-glafs,  fet  in 
n verfatile  glohuhxr  fockety  ‘which  Jhe  turneth  •buck’wardf  or  any 
•way,  •without  moving  her  head ; and  ordinarily  the  one  a contrary, 
or  quite  diferent  •way  from  the  other.  Dr.  Goddard  in  Phil.  Tranf. 

No.  137.  _ _ . r u / » 

But  •what  is  more  extraordinary  in  this  motion  []of  the  cameleon  s 

eye]  is  to  fee  one  of  the  eyes  move,  •whiljl  the  other  remains  immove- 
able;  and  the  one  to  turn  foreword,  at  the  fame  time  that  the  other 
looketh  behind;  the  one  to  look  up  to  the  Jky,  •when  the  other  is  fixed 
on  the  ground.  And  thefe  motions  to  be  fo  extreme,  that  they  do 
carry  the  pupiUa  under  the  crejl  •which  makes  the  eye-bro-w,  and 
fo  far  into  the  canthi,  or  corners  of  the  eyes,  that  the  fight  can  dif- 
cern  •whatever  is  done  jufi  behind  it,  and  direSly  before,  •without 
turning  the  head,  •which  is  fafiened  to  the  fhoulders.  Mem.  for  a 
Nat.  Hift.  in  Anatom.  Diffed.  at  Panf.  Diff.  of  Camel. 


pag.  22.  . , 1 • 

{k)  Snails  fend  out  their  eyes  at  a diftance,  they  being  con- 
tained In  their  four  horns,  like  airamentous  fpots,  fitted  to  the  end 
of  their  horns,  or  rather  to  the  ends  of  thofe  black  filaments  or  op^ 
tic  nerves,  ‘which  are  fiscathed  in  their  horns,  as  Dr.  Po^zoer 
wordeth  it.  Obf.  31.  p.  36.  So  the  ingenious  Dr.  Lj/ler,  Ex- 
treit.  Anat.  Cochl.  lA  Lima. 

(/)  Vide  /.  8.  r.  3.  note  (a). 
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far  from  being  denied  any  benefit  of  that  noble 
and  molt  neceflary  fenfe  of  fight,  that  they  have 
probably  more  of  it  than  other  creatures,  anfwer- 
able  to  the  rapidity  of  their  flight,  and  brilk  mo- 
tion ; and  to  their  inquefts  after  food,  habitation, 
or  repofitories  of  generation,  or  fuch  other  necef* 
lity  of  the  animal. 

4.  Another  admirable  provifion  in  the  eye,  is, 
its  fize  ; in  fome  animals  large,  in  fome  little.  It 
would  be  endlefs  here  to  enumerate  particulars  ; 
as  thofe  of  quadrupeds,  birds,  infefts,  and  other 
terrellrial  animals.  And  as  for  filhes,  they  will 
fell  under  another  part  of  my  furvey. 

I jfhall  therefore  only  take  notice  of  its  fize  in 
one  creature,  the  mole  (m).  As  the  habitation  of 

that 


^ {m)  Severinus  is  oi  Ariflotle^^  Plinyhy  Magnus* % opi- 

nion, that  the  mole  hath  no  fight ; G.  Seger  denies  any  humour 
to  be  therein,  but  thinks  they  may  probably  fee,  becaufe  Na- 
ture made  nothing  in  vain.  But  Borrichms  faith,  their  eyes 
have  appendiculam  nerveam  in  cerebrum  euntem,  cujus  lenejicio  glo- 
buli  illi  [[the  little  eyes]  extra  pellem  facile  poterant  exferiy  retra- 
hique  pro  arbitrio. — In  illis  oculormn  glohulis  humor  qqueus  copiose 
fatis  natabat  ;■  caterorum  non  nfi  teniie  vef  igium, — “ An  append- 
age of  nerves  going  into  the  brain,  by  means  of  which  thofe 
little  eye-balls  can  at  pleafure  be  thruft  out  beyond  the  flcin,  or 
drawn  within  it— In  thofe  little  globules  of  the  eyes,  there 
was  a copious  aqueous  humour,  but  very  little  appearance  of 
the  other  humours.”— 5/a/.  Anat.  Anim.  c.  35. 

Et  quomam  Natura  hoc  vita  genus  ipft  dejlinavit,  etiam  peitquam 
exiguos  oculos—dcdit  eo  concilio,  ut  ii,  pretiofjfma  corporis  pars,  d 
terra  pidvere  ne  cffligerentur.  li  infaper  pilis  teEli,  ^c.  Humores- 
dlts  oculis  infunt,  tunica  nigra,  uvea,  ffprodit."  Ad  hos  tra- 
mite  alio  nervus  yenit.r-f‘  And  fince  Nature  has  deflined  the 
animal  to  that  kimfjpf  life,  fhe  has  given  it  very  fmall  eyes,  that 
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that  uncouth  animal  is  wholly  fubterraneous,  its 
lodging,  its  food,  its  exercifes,  nay,  even  all  its 
paflimes  and  pleafures  are  in  thofe  fubterraneous 
recefles  andpaffages,  which  its  own  indullry  hath 
made  for  itfelf ; fo  it  is  an  admirable  provifion 
made  in  the  fize  of  the  eye  of  that  little  creature, 
to  anfwer  all  its  occafions,  and  at  the  fame  time 
to  prevent  inconveniences.  For  as  a little  light 
will  fuffice  an  animal  living  always  under  ground  ; 
fo  the  fmalleft  eye  will  abundantly  fupply  that  oc- 
cafion.  And  as  a large  protuberant  eye,  like  that 
of  other  animals,  would  much  annoy  this  creature 
in  its  principal  bufmefs,  of  digging  for  its  food 

this  moft  precious  part  of  its  body  might  not  be  endangered 
by  the  duft  or  earth.  They  are,  moreover,  covered  with  hair, 
&c.  There  are  humours  in  thofe  eyes,  and  the  duflty  tuniclc 
or  nvea  prefents  itfelf.  To  thefe  a nerve  reaches  by  another 
courfe.” — Schneider  in  Ibid. 

Some  time  fmce  I made  divers  accurate  difleftions  of  the 
eyes  of  moles,  with  the  help  of  microfcopes,  having  a doubt 
whether  what  we  take  to  be  eyes,  were  fuch  or  no.  And 
upon  a flria  fcrutiny  I plainly  could  diftinguiUi  the  vitreous 
and  cryflulUne  humours,  yea,  the  ligamentum  ctliare,  and  the 
atrarnentaceous  mucus^  The  pupd  1 could  manifeftly  difcern 
to  be  round,  and  the  cornea  copped,  or  conic^.  T.  he  eye  is  at 
a great  diftance  from  the  brain,  the  optic  nerve  very  lleuder 
and  long,  reaching  from  the  eye  through  the  intermediate  flcih, 
and  fo  pafTeth  to  the  brain,  along  with  the  pair  of  nerves  reach- 
ing to  the  nofe,  which  are  much  the  largeft  that  are  in  all  the 
animal.  Thefe  creatures,  I imagine,  have  the  faculty  of  with- 
drawing their  eyes,  if  not  quite  into  the  head,  Jnails,')  yet 
more  or  lefs  within  the  hair,  as  they  have  more  or  lefs  occafioit 
to  life  or  guard  their  eyes. 

Galen  faith,  moles  have  eyes, -the  cryflallinc  znA  vitreous  hu- 
mours,  encompaffed  with  De  Uf-  Part.  1.  14.  c.  6.  tJo 

accurate  an  anatomift.  w'Os  he  for  his  time. 

and 
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and  paflage fo  it  is  endowed  with  a very  fmall  one, 
commodioufly  feated  in  the  head,  and  well  fenced 
and  guarded  againft  the  annoyances  of  the  earth. 

5.  Another  thing  remarkable  in  this  noble  part 
of  animals,  is,  its  numbers ; no  lefs  than  two  (n) 
in  any  inftance,  that  I know  of ; and  in  fome  ani- 
mals more,  as  I have  already  hinted  (0). 

Now  this  is  an  admirable  provifion ; firft,  for 
the  convenience  of  taking  in  the  larger  angle,  or 
fpace : and  in  the  next  place,  the  animal  is  by 
this  provifion,  in  fome  meafure,  prepared  for  the 
misfortune  of  the  lofs  of  one  of  thefe  noble,  and 
necelfary’  organs  of  its  body. 

But  then  befides  all  this,  there  is  another  thing 
confiderable  in  this  multiplicate  number  of  the 
eye ; and  that  is,  that  the  objeft  feen  is  not  multi- 
plied as  well  as  the  organ,  and  appears  but  one, 
though  feen  with  two  or  more  eyes  (j>).  A mani- 

felt 

(n)  P/ifiy  tells  us  of  a fort  of  ieren  with  but  one  eye,  but 
it  was  only  by  hear-fay.  /»/er  aves  ardeolantm  genere,  quos 
Leucos  vacant,  altera  ocvlo  car  ere  tradunt. — “ Among  the  birds  of 
the  heron  fpecies,  there  are  fome  called  Leucaii  which  are  faid 
to  have  but  one  eye.” — Nat.  Hi/l.  1.  ii.  c.  37.  So  the  king 
of  the  Nigra,  that  hath  but  one  eye,  and  that  in  his  forehead, 
/.  6.  c.  30.  Which  fables  I take  notice  of  more  for  the  read- 
er’s dlverfion,  than  any  truth  in  them. 

(a)  Supra,  note  (i). 

(/)  The  moft  celebrated  anatotnifts  differ  greatly  about  the 
reafoii,  why  we  fee  not  double  with  two  eyes.  This  Galen, 
and  others  after  him,  generally  thought  to  be  from  a coalition 
or  decufTation  of  the  optic  nerves,  behind  the  os  fpheno'ides.  But; 
whether  they  dccuflate,  coalefce,  or  only  touch  one  another, 
they  do  not  well  agree.  The  Bartholines  expiefsly  affert,  they 
are  united,  Non  per  Jimplicem  contaElum  vd-  interjedionem  in  Ao- 
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fell:  fign  of  the  infinite  fkill  of  the  Contriver  of 
this  fo  noble  a part,  and  of  the  exquifite  art  He 

employed 

mine,  fed  iotahm  fuljlantia  confuftonem. — “ Not  by  firaplc  contacl 
dr  intcrfeftion  in  man,  but  by  a total  confufion  of  fubftance.” — 
Anat.  1.3.  c.  2.  And  whereas  Vefalius,  and  feme  others,  had  found 
fome  inilances.of  their  being  difunited  ; they  fay,  Sed  in  pie- 
rifque  ordinarie  confunditur  interior  JuhJlantia,  ut  accuratd  difqui- 
fitione  deprehendi. — “ But  in  moft  inftanceS  the  interior  fub- 
ftance  is  blerided  together,  as  I have  difeovered  on  an  accurate 
examination.” 

But  our  learned  Dr.  Gihfon  l^Anat.  1.  3.  c.  10.)  faith,  they 
are  united  by  the  clojejl  conjunQion,  hut  not  confufion  of  their  fires. 

But  others  think  the  reafon  is  not  from  any  coalefcence, 
contaft,  or  croffing  of  the  optic  nerves,  but  from  a fympathy 
between  them.  Thus  Monfieur  Cartes  is  oB  opinion,  that  the 
fibrilla,  conftituting  the  medullary  part  of  thofe  nerves,  being 
fpread  in  the  retina  of  each  eye,  have  each  of  them  correfpond- 
ing  parts  in  the  brain ; fo  that  when  any  of  thofe  fbrilLe  arc 
ftruck  by  any  part  of  an  image,  the  correfpondmg  parts  of 
tlie  brain  are  thereby  affefted,  and  the  foul  thereby  informed, 
'i^c.  But  fee  more  hereafter  under  note  (oo),  from  Cartes  himf-lf. 

Somewhat  like  this  is  the  notion  of  our  judicious  Dr. 
Briggs,  who  thinks  the  optic  nerves  of  each  eye  confiil  of  ho- 
mologous fires,  having  their  rife  in  the  thalamus  nernyorum  optico- 
rum,  afld  thence  continued  to  both  the  retina,  which  are  made 
of  them  : and  farther,  that  thofe  flrilla  have  the  fame  parallcl- 
ibn,  tenfion,  Ss’r.  in  both  eyes ; and  confequently  when  an 
image  is  painted  on  the  fame  correfponding,  fympatliizing 
parts  of  each  retina,  the  fame  effefts  arc  produced,  the  fame 
notice  or  information  is  carried  to  the  thalamus,  and  fo  im- 
parted to  the  foul,  or  judging  faculty.  That  there  is  fuch  an 
’O/noioTra'fiita,  or  fympathy,  between  the  reiinee,  &c.  he  makes 
v’ery  probable,  from  the  enfuing  of  double  vifion  upon  the  in- 
terruption of  the  parallelifm  of  the  eyes;  as  when  one  eye  is 
depreffed  with  the  finger,  or  their  fymphony  interrupted  by 
difeafe,  drunkennefs,  ^c.  And  laftly,  that  fimple  vifion  is 
riot  made  in  the  former  way,  viz,  by  a dccufiation  or  conjunc- 
tion 
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employed  in  the  formation  thereof.  But  the  de-r 
fign  and  fkill  of  the  infinite  Workman  will  bed 
be  fet  forth  by, 

6.  Surveying  the  parts  and  mechanifm  of  this  adr 
nilrable  organ  the  eye.  And  here  indeed  we  canr 
not  but  fland  amazed,  when  we  view  its  admira- 
ble fabric,  and  eonfider  the  prodigious  exadnefs, 
and  the  exquifite  fkill  employed  in  every  part  mi- 
ziiflering  to  this  noble  and  neceffary  fenfe.  To  pafs 
by  its  arteries  and  veins,  and  fuch  other  parts 
common  to  the  reft  of  the  bbdy,  let  us  caft  our 

tion  of  the  optic  nerves,  he  proves,  becaufe  thofe  nerves  are 
but  in  few  fubjefts  decuflated,  and  in  none  conjoined  other- 
jvife  than  by  a bare  contadf,  which  is  particularly  manifeft  in 
filhes  ; and  in  fome  inllances  it  hath  been  found,  that  they  have 
been  feparated  without  any  double  vifion  enfuing  thereupon. 
Vide  Brig.  Oplhahnogr.  c.  1 1 . and  y.  and  Nov.  VtJ.  Theor.  pajpiv- 
What  the  opinion  of  our  juftly  eminent  Sir  IJaac  Newton  is, 
may  be  feen  in  his  Optics,  Qu,  15.  ylre  not  the  fpecies  of  objeSs 
feen  with  loth  eyes,  united  where  the  optic  nerves  meet  before 
they  come  into  the  brain,  the  fbres  qn  the  right  fide  of  both  nerves 
uniting  there,  &c.  ? For  the  optic  nerves  of  fuch  animals  as  look 
the  fame  way  with  both  eyes,  (as  of  men,  dogs,Jheep,  oxen,  &c.) 
meet  before  they  come  into  the  brain  ; but  the  optic  nerves  of  fitch 
animals  as  do  not  look  the  fame  way  with  both  eyes,  (as  of  fijhes, 
and  of  the  eameleon,)  do  nof  meet,  ij  I am  rightly  informed.  New't. 
Opt.  (T 15-  * 


* The  fame  fubjeft  has  been  examined  with  much  acutenefs 
by  Dr.  Porterfield  in  his  Treatife  on  the  Eye',  by  Dr.  Reid  in  his 
Enquiry  into  the  Human  Mind ; and  by  Dr.  Wells  in  his  EJfay  on 
fmgle  V'ftqn  ; each  of  whom  lias  fuggefted  a different  hypothefis 
to  account  for  this  extraordinary  phenomenon.  An  abllraft  of 
the  theories  of  all  thofe  writers  may  be  found  in  Encyclopedia 
Eriiannica,  under  the  article  Optics,  vol.  xiii.  p.  299.  Editor, 

3 eye 


OF  THE  EYE. 


B.  IV, 


15© 

eye  on  its  mufcles,  Thefe  we  fhall  find  exactly  and 
neatly  placed  for  every  motion  of  the  eye.  Let  us 
view  its  tunics^  and  thefe  we  Ihall  find  fo  admira- 
bly feated,  fo  well  adapted,  and  of  fo  firm  a tex- 
ture, as  to  fit  every  place,  to  anfwer  every  occa- 
fion,  and  to  be  proof  againft  all  common  inconve- 
niences and  annoyances.  Let  us  examine  its  three 
humours^  and  thefe  we  fhall  find  all  of  exquifite 
clearnefs  and  tranfparency,  for  an  eafy  admiflion 
of  the  rays;  well  placed  for  the  refrafting  of 
them,  and  formed  (particularly  the  cryjlalline 
humour^  by  the  niceft;  laws  of  optics,  to  col- 
lect the  wandering  rays  into  a point.  And  to 
name  no  more,  let  us  look  into  its  darkened  cell, 
where  thofe  curious  humours  lie,  and  into  which 
the  glories  of  the  heavens  and  the  earth  are 
brought,  and  exquifitely  pictured ; and  this  cell 
we  fhall  find,  without,  well  prepared  by  means 
of  its  texture,  aperture,  and  colour,  to  fence 
off  all  the  ufelefs  or  noxious  rays ; and  with- 
in, as  well  coated  with  a dark  tegument,  that 
it  may  not  refleft,  diffipate,  or  any  way  confufe 
or  diflurb  the  beneficial  rays  (5'). 

But 

(?)  [uvea]  ut  radios  (ah  oculi  fundo  ad  anteriorem 

ejus  partem  rejlexos ) ohumbret ; ne  hi  ( ut  ait  clar.  Cartejius)  ad 
oculi  fundum  retorti  ibidem^  confufam  vifionem  efjicerent.  Aha  for- 
fan  ratio  hujus  uigredinis  Jlatuatur,  quod  radii  in  vi/ione  fuperjiut, 
qui  ab  objeftis  laterahbus  proveniunt  hoc  ritu  abforbeantur.  Ita 
enim  e loco  ohfcuro  inter diu  objeQa  optime  intuemur,  quia  radii  tunc 
temporis  circumfujo  lumine  non  diluuntur. — “ The  uvea  is  black, 
in  order  that  it  may  obfeure  the  rays  which  are  reflected  from 
the  bottom  of  the  eye  to  its  fore -part } left,  as  Defcartes  ob- 
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CH.  II. 


OF  THE  EYE. 


But  to  defcend  to  particulars,  although  it  would 
be  a great  demonftration  of  the  glory  of  God,  yet 
would  take  up  too  much  time,  and  hath  been  in 
fome  meafure  done  by  others  that  have  written  of 
God’s  works.  Faffing  over,  therefore,  what  they 
have  obferved,  I ffiall,  under  each  principal  part, 
take  a tranfient  notice  of  fome  things  they  have 
omitted,  or  but  llightly  fpoken  of. 

And  my  firft  remark  ffiall  be  concerning  the 
mufcles  of  the  eye,  and  their  equilibration.  No- 
thing can  be  more  manifeftly  an  adl  of  contrivance 
and  defign,  than  the  ?nufcles  of  the  eye,  admira- 
bly adapted  to  move  it  any,  and  every  way  ; up- 
wards, dovrawards,  to  this  fide  or  that,  or  how- 
foever  we  pleafe,  or  there  is  occafion  for,  fo  as  to 
always  keep  that  parallelifm  of  the  eye  which  is 
neceffary  to  true  vifion.  For  the  performance  of 
which  fervice,  the  form,  the  pofition,  and  the 
due  flrength  of  each  mufcle  is  admirable.  And 
here  I might  inftance  the  peculiar  and  artificial 
ftru6tureof  the  trochlearis,  (Plate  D,  fig.  2.)  and  the 
augmentation  of  its  power  by  the  trochlea  (r) ; 

the 

ferves,  tliefe  thould  be  thrown  back  again  upon  the  bottom, 
and  thus  occafion  confufed  vifion.  Perhaps  another  primary 
caufe  may  be  affigned  for  this  blacknefs  of  the  uvea,  viz.  that 
the  fuperfluous  rays  which  proceed  from  lateral  objefts  may 
be  abforbed.  Thus  we  obferve,  that  thofe  illuminated  objedfs 
which  are  feen  from  a dark  llation  are  moft  diftinftly  beheld, 
becaufe  the  rays  proceeding  from  them  are  not  obliterated  by 
the  circumambient  light.*’ — Briggs’s  Ophihal.  c.  3.  fedf.  5. 

(r)  Admlrandum  Dei  artijicium  ex  diverforum  anmalhm  com- 
paratione  indies  evadit  manij'cjlius.  Mirantur  omnes  trochlearem 
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the  magnitude  and  ftrength  of  the  aitolient  inufcle, 
fomewhat  exceeding  that  of  its  antagonifl; ; the  pe-r 
culiar  mufcle,  called  the  JeventJj,  or  fnfpe7ifory 
mufcle  (s'),  given  to  brutes,  by  reafoii  of  the 

prone 

in  ocnlis  homtnum  Cs*  quadrupedum,  iff  qttldem  jure  : fed  admira- 
t'lonem  omnem  fuperat,  quod  fme  trochlea  oculum  movens  in  avibus 
novum  genus  trochlea  longe  artificiojius  niclitandi  memhrana  dede- 
rlt. — “ We  daily  difcovcr  ne\v  proofs  of  the  wonderful  art  of 
the  Supreme  Being,  from  comparing  the  ftrufture  of  different 
animals.  All  jullly  admire  the  trochlear  mufcle  in  the  eyes  of 
men  and  quadrupeds  : but  what  is  far  more  wonderful,  is  the 
niftitating  membrane  which  in  birds  fupplies  the  place  of  the 
trochlea.” — 7Blaf.  Anat.  Animal,  p.  2.  c.  4.  ex  Stenon. 

[Mufculum  trochlearem]  per  intermedium  irochleam  tradublum, 
nunquam  intueor,  quin'admirabundus  mecum,  'o  exclamem,  tv 
fjdnov  «£(  ■yE£i)|M.£~p=~,  aMa  x.ou  a'l  I never  behold 

the  trochlear  mufcle  pqffing  through  the  trochlea,  without  ex- 
claiming to  myfelf  in  admiration,  “Not  only  has  God  con- 
trived all  with  the  moll  accurate  proportions,  but  with  the 
moll  wonderful  mechanifm,” — I.  C.  Sturmii  Exercit.  Acad.  9. 
de  Vif.  Org.  Sif  Rat.  c.  3;  Ye‘6l.  4.  p.  446. 

(j)  Obfervare  ejl  quod  quadrupedes , qui  oculos  in  terram  pronos, 
ac  pendulos  genmt,  mujculum  pecuUarem  habent,  quo  oculi  globus 
fufpenditur.-. — Hoc  mtifculo  bos,  equus,  ovis,  lepus,  porcus,  Idc. 
praditi  funt : hoc  efiam  canis  injiruilur,  fed  alio  modo  conformatum 
habet. — “ It  is  obfervable,  that  quadrupeds  who  have  their 
eyes  hanging  downwards,  and  inclining  to  the  earth,  have  a 
peculiar  mufcle,  by  which  the  ball'of  the  eye  is  fufpended. — 

The  cow,  the  horfe,  the  llteep,  the  fwine  are  polfelfed  of  this 
mufcle  : -the  dog  has  it  likewife,  though  it  is  formed  in  that 
animal  in  a different  manner.” — IVillis  de  An.  Brut.  p.  I. 
c.  ly. 

Of  this  opinion  alfo  was  BarthoUne,  Anat.  1.  3.  c.  8.  and  di- 
vers other  eminent  anatomills.  • 

But  Dr.  Briggs  is  of  opinion  that  the  adnata,  and  the  other  j 
inufcles  fufficiently  anlwer  all  tUofe  ends  aferibed  to  that  inufcic  | 
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prone  poflure  of  their  bodies,  and  frequent  occa- 
fions  to  hang  down  their  heads : and  I might  fpeak 
alfo  of  the  peculiar  origin  and  infertion  of  the 
lower  oblique  fniifcle  (t),  which  is  very  notable, 

by  foiTOer  anatomills,  and  thinks,  prohalilius  itaque  ejfe  hunt 
mufculum  nervi  optici  aalonem  (per  vices  J conjirmare,  ne  a prono 
Imtorum  incejfu  copiofo  affitixu  humorum  MUitetur.^^^  That 
this  mufcle  Itrengthens  the  adlion  of  the  optic  nerve,  left  iij 
the  brute  animals  it  Ihould  be  weakened  by  1;heir  prone  po- 
fttion,  and  by  the  great  confluence  of  the  humours.” — Ophthal, 
c.  2.  fe<ft.  2. 

The  mufculus  fufpenforms  being  in  the  porpefs,  as  well  as 
brutes.  Dr.  Tyfon  thinks  the  ufe  of  it  is  not  to  fufpend  the 
bulk  of  the  eye ; but  rather  by  its  equal  contradlion  of  the 
fclerotis,  to  render  the  ball  of  the  eye  more  or  lefs  fpherical, 
and  fo  fitter  for  vifion.  ryjon’s  Anat.  of  the  Porpefs,  p.  39. 

{t)  Mufculus  oMlquus  inferior  oritur  a peculiari  quodam  fo. 
ramine  in  latere  orlita  ocularis  faHo,  ( contra  quam  in  ceeteris,  iffc.) 
quo  ft  ut  ex  und  parte  d mufculo  trochleari,  ex  -alterd  verd  ab 
fjujus  mufeuli  commodifimd  poftione,  oculus  in  aquilibrio  quodam 
(onfitutus,  irrdorto  obtutu  verfus  objeBa  feratur,  nec  plus  jufo  ac- 
Cedat^  verfus  internum  externumve  canthum ; qua  quidem  lihratio 
omnino  nulla  fuiffet,  ahfque  hujus  mufeuli  peculiari  originatione 
(cujus  ratio  omnes  httcufque  anatomicos  latuit “ The  oblique 
inferior  mufcle  has  its  origin  from  a certain  opening  in  the 
fide  of  the  orbit  of  the  eye,  (not  as  the  other  mufcles,)  fo 
that  the  eye  kept  m a fort  of  equipoife  by  the  trochlear  mufcle 
on  one  fide,  and  by  this  on  the  other,  can  point  itfelf  to  ob- 
jeas  with  a fteady  diredion,  and  is  not  carried  too  much 
either  towards  the  inward  or  outward  corner.  (Plate  D,  fig.  2.) 
Without  this  peculiar  origin  of  the  mufcle,  there  would  be  no  fuch 
balance  ; which  reafon  hath  hitherto  efcaped  all  our  anatomifts.” 
And  fo  this  curious  anatomift  goes  on  to  fliew  farther  the  ftu.‘ 
pendous  artifice  of  the  great  Creator  in  this  pofitiou  of  the 
oblique  mufeh,  Briggds  Nova  Vf.  Theor.  p,  n.  meo  libro., 
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and  many  other  things  relating  to  thefe  parts; 
but  it  would  be  tedious  to  defcend  too  much  to 
thofe  admirable  particulars.  And  therefore  to 
clofe  up  thefe  remarks,  all  I fliall  farther  take  no- 
tice of,  fhall  be  only  the  exquifite  equilibration 
of  all  thefe  oppoftte  and  antagoniji  mufcles,  affected 
partly  by  the  equality  of  the  ftrength ; which  is 
the  cafe  of  the  adducent  and  abducent  mufcles ; 
partly  by  their  peculiar  origin,  or  the  addition  of 
the  trochlea^  which  is  the  cafe  of  the  oblique  muf- 
cles (u) ; and  partly  by  the  natural  poflure  of  the 
body,  and  the  eye,  which  is  the  cafe  of  the  attollent 
■ssvA\depriment  mufcles.  By  this  fo  curious  and 
exaft  a libration,  not  only  unfeernly  contortions 
and  incommodious  vagation^  of  the  eye  are  pre- 
vented, but.alfo  it  is  able  with  great  readinefs  and 
^xaftnefs  to  apply- itfelf  to  every  objeft. 

As  to  the  tunics  of  the  eye,  many  things  might 
be  taken  notice  of,  the  prodigious  finenefs  of 
the  arachndidesy  the  acute  fenfe  of  the  retina^  the 

(m)  Befides  thofe  particular  motions  which  the  eye  re- 
ceives from  the  oHique  mufcles,  ancf  I may  add  its  libration 
alfo  in  fome  meafure,  fome  anatomifts  afcribe  another  no  lefs 
confiderable  ufe  to  them  ; namely,  to  lengthen  and  ihorten 
the  eye  (by  fqueezing  and  comprefling  it)  to  make  it  corre- 
fpond  to  the  diftances  of  all  objedls,  according  as  they  are 
nigh  or  far  off.  Thus  the  ingenious  Dr.  Ktil } the  aqueous 
humour  being  the  thinnejl  and  mojl  liquid,  eafily  changeth  its  figure, 
•when  either  the  ligamentum  cih'are  contrails,  or  both  the  oblique 
mufcles  fqueexe  the  middle  of  the  ball  of  the  eye,  to  render  it  oblong 
<when  objeQs  are  too  near  us.  Keil’s  Anat.  chap.  4.  feU.  4.  Sec 
note  (y). 
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delicate  tranfparency  of  cornea  {w)^  and  the 
firm  and  ftrong  texture  of  that  and  the  fclerotica 
too ; and  each  of  them,  in  thefe  and  every  other 
refpe(5l,  in  the  moil  accurate  manner  adapted  to  the 
place  in  which  it  is,  and  the  bufmefs  it  is  there  to 
perform.  But  for  a fample,  I fliall  only  take  no- 
tice of  that  part  of  the  uvea  which  makes  the  pii- 
pil.  It  hath  been  obferved  by  others,  particularly 
by  our  honourable  Founder  (a:),  that  as  we  are 
forced  to  ufe  various  apertures  to  our  optic  glaifes, 
fo  Nature  hath  made  a far  more  complete  pro- 
yifion  in  the  eyes  of  animals,  to  fhut  out  too 
much,  and  to  admit  fufficient  light,  by  the  dila- 
tation and  ^ntradioii  of  the  pupil  (y).  But  it 
w deferveth 

(w)  ^lis  vero  opifex  prater  Naturam,  qua  nihil potejl  ejfe  calH- 
dtus,  tantam  folertlam  perfequl  potuljfet  In  fenjihus  ? qua  primum 
oculos  membranls  tenui/fmls  ’vejllvlt,  isf  feplit ; quas  primam  perlu- 
cidas  fecit,  ut  per  eas  cernl  pojfet  : firmns  autem,  ut  contlnerentur, 
— “ What  workman  befides  Nature,  than  whom  there  can  be 
none  more  flcilful,  could  Ihew  fuch  admirable  artifice  in  the 
organs  of  fenfe  ? The  eyes  flie  has  covered  and  defended  with 
the  fineft  membranes,  tranfparent  to  admit  the  rays,  and  firm 
at  the  fame  time,  that  they  may  be  kept  within  the  orbits.”— 
Qlc.  de  Nat.  Dear.  1.  2.  c.  yy. 

(«•)  Boyle  of  Final  Caufes. 

(j ) C3fy  to  be  obferved,  that  the  pupil  openeth  in 

dark  places  ; as  alfo  when  we  look  ^t  far  diftant\)bjedfs,  but 
contraas  by  an  increafe  of  light,  and  when  the  objeas  are 
nigh.  This  motion  of  the  pupil,  fome  fay,  is  effeaed  by  the 
circular  and  ftrait  fibres  of  the  uvea,  and  fome  attribute  it  to 
the  llgamentum  clliare.  Yet  I have  no  great  doubt  but  that 
they  both  concur  in  that  aaion,  and  that  the  llgamentum  clliare 
} at  the  fame  time  the  pupil  opens  or  /huts,  dilate  or  com- 
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deferveth  our  efpeclal  remark,  that  thefe  pupils 
are  in  divers  animals  of  divers  forms,  according 
to  their  peculiar  occafions.  In  fome  (particularly 
in  man)  it  is  round ; that  being  the  moft  proper 
figure  for  the  pofition  of  our  eyes,  and  the  ufe  we 
make  of  them  both  by  day  and  night.  In  fome 
other  animals  it  is  of  a longilh  form;  in  fome 
tranfverfe  (s),  with  its  aperture  large,  which  is  an 

prefs  the  cryjlallincy  and  bring  It  nigher  unto,  or  carry  it  far- 
ther off  the  retina.  For  the  Itrudlure  of  the  Hgamentum  ciHare, 
and  its  two  forts  of  fibres,  drawn  with  the  help  of  a micro- 
fcope,  I fhall  refer  to  Mr.  Cowper’s  Anat.  T.w. 

(^z.)  In  lovet  capra,  equoy  ove,  £5*  quibttfdam  aliis  elUptica  tjl 
(pupilla)  ut  eo  magis  in  hifee  for  Jan  animalibus,  qua  prono  incejfu 
’uiElum  in  agris  quxritant,  radios  laterales  ad  i^da  £5?  incommoda 
Vtrinque  devitanda  admiiiat. — “ In  the  cow,  tSB|roat,  the  horfe, 
the  Iheep,  and  fome  other  animals,  the  pupil  is  of  an  elliptic 
form,  for  this  reafon  perhaps,  that  in  thofe  animals  which  walk 
with  the  head  declining,  the  eye  may  admit  the  lateral  rays, 
and  thus  avoid  any  objeft  on  either  fide  that  might  offend 
them.”-r— Briggs’s  Opihal.  c.  7.  feft.  2. 

Homini  ereBoy  alii/quey  iffc.  caput  erigere,  £5’  quaquflverfus  cir- 
cumfpicere  foHtisy  plurima  Jimul  objeBa,  turn  fupra,  turn  infrdy  turn 
f latere  utroque — vifti  excipiuntur  ; quapropter  oculi  pup'dla  rotunda 
^ffe  debet. — Attamen  bovi,  life,  caput  fere  femper  pronum — gerenti- 
husy  tantum  qtte  coram,  £3’  paulo  a latere  obfervantufy  intuitu  opus 
ejl : quapropter  pupilla — ohlonga  ejl,  ifc. — “ In  man  and  other 
animals  which  are  accuftomed  to  ereft  the  head,  and  to  look 
every  wdiere  around  them,  a great  many  objects  are  taken  in 
by  the  eye,  both  from  above,  below,  and  from  the  fides : for 
which  purpofes  the  pupil  of  the  eye  muft  have  been  round. 
But  to  the  cow  and  other  animals,  which  carry  the  head  almott 
always  in  a prone  pofition,  it  is  neceffaiy  to  fee  only  the  ob'^ 
je£ts  before  them,  and  thofe  that  are  a little  to  a fide,  and 
therefore  in  them  tlie  pupil  is  oblong.”— de  Anim.  Brut. 
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admirable  provlfion  for  fuch  creatures  to  fee  the 
better  laterally,  and  thereby  avoid  inconvenienced, 
as  well  as  help  them  to  gather  their  food  on  the 
ground,  both  by  day  and  night.  In  other  ani-* 
mals  the  filTure  of  the  pupil  is  ere6I  (^aa'),  and  alfo 
capable  of  opening  wide,  and  fliutting  up  clofe. 
The  latter  of  which  ferves  to  exclude  the  brighter 
light  of  the  day,  and  the  formk  to  take  in  the 
more  faint  rays  of  the  night,  thereby  enabling 
thofe  nocturnal  animals  (in  whom  generally  this 
ered  form  of  the  pupil  is)  to  catch  their  prey  with 
the  greater  facility  in  the  dark  {bb),  to  fee  upwards 

and 


{m)  Thus  cats  (their  pupils  being  ereft,  and  the  Ihutting 
of  their  eye-lids  tranfverfe  thereunto)  can  fo  clofe  thferr  pupil, 
as  to  admit  of,  as  it  were,  one  only  Angle  ray  of  light ; and 
by  throwing  all  open,  they  can  take  in  all  the  faintefl;  rays. 
Which  is  an  incomparable  provifion  for  thefe  animals,  that 
have  dccafion  to  watch  and  way-lay  their  prey  both  by  day  and 
night. 

(b6)  There  is  befides  this 'large  opening  of  the  pupil,  in 
fome  nofturnal  animals,  another  adilairable  piovifion  enabling 
them  to  catch  their  prey  in  the  dark  and  that  ira  radiation 
of  the  eyes  : of  which  Dr.  /Fi//ij'  thtfs'j  Hujus  vfus  ejl  oculi 
pupillam,  qUaft  jubdre  injito,  illumiiiaiV^'  ut  res  no8u, . in  te- 
iiebris  pnjitas  confpicete  valcat : quare  ih  -fhle-  plurimum  illujlris  ejlt 
at  homini,  a’Dibiis  ^ pifci'hus  The  life  of  this  is  to  illu- 

minate the'  pnpil,  as  if  by  an  internal  beam  of  lighty*  fo  as  to 
render  it  cajjable  of  • perceiving  'oBjefts  in  the  night,  or  in  a 
dark  place;  "Wherefore  in  the  cat,  it  is  very  much  illuminated; 
but  there  is  no  fuch'  tiling  in'  niah,  in  birds,  or  in  fifhes.”— » 
This  illumination  he  fpeiiks  of,'  ife  frortl  the  tapetwn,  in  the  bot- 
tom of  the  eye,  or  the  fhining  ®f  the  retina^  refund  the  optid. 
nerve. 
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and  downwards,  to  climb,  ^c.  Thus  much  for 
the  tunics. 

The  next  thing  I fliall  take  notice  of,  will  re- 
late to  the  hu?nours  of  the  eye,  and  that  only 

Befides  which,  he  faith,  the  iris  hath  a faculty  alfo,  in 
fome,  of  darting  out  rays  of  light,  fo  as  to  enable  them  to 
fee  in  the  dark  : of  which  he  tells  this  ftory ; Novi  quendam 
cerehro  calidiori  pradituniy  qui  pojl  uleriorem  vini  generoji  potum 
in  nolle  atratd,  five  tenebris  profundis,  literas  diJlinBe  legere  potuit, 
Cujus  ratio  videtur  ffe,  quod  fpiritus  animales  velul  accenf,  adeoque 
ab  hdc  iride  irradiantes,  jubare  in/ito,  medium  illuminabant. — “ I 
knew  a perfon  of  a warm  temperament  of  brain,  who  after 
drinking  heartily  of  wine,  could  ditlindlly  read  letters  in  the 
darkeft  night.  The  reafon  of  which  probably  was,  that  the 
animal  fpirits  being  kindled,  and  fparkling  from  the  iris  of 
the  eye,  illuminated  the  medium,  as  it  were,  by  an  internal 
beam  of  light.” — Willis,  ibid. 

Such  another  thing,  Pliny  tells  us,  was  reported  of  Tiberius 
Cafar ; ferunt  Tib.  Ctef.  nec  alii  genitorum  mortalium,  fuiffe  na- 
turam,  ut  expergefaBus  noBu  paulifper,  baud  alio  modo  quam  luce 
clard,  conlueretur  omnia. — “ It  is  reported  of  Tiberius  Ca:far, 
that  he  had  the  organs  of  fight  formed  fo  differently  from  thofc 
pf  other  men,  that  when  fuddenly  awakened  in  the  night,  he 
could  perceive  objefts  as  diftinftly  as  if  they  were  clearly  illu* 
minated.” — Nat.Hijl.  1.  11.  c.  37. 

So  Dr.  Briggs ; Vtrum  fane  caltdx  mdolis  novi  in  comitaiu 
Bedfordierft  degentem,  qui  oculis  felineis — donatus  ef : adeo  ut 
epifolam — mire  admodum  in  loco  obfeuro  ( uli  eadem  mihi  vix  appa- 
ruit ) perlegit.  Hujus  verb  oculi  ( nft  quod  pupillas  irfigniores  ob- 
tinuere } ab  altorum  fomiatione  neutiquam  diferepabant.  “ I knew 
a man. in  Bedfordfhire  of  a warm  temperament,  who  was  pof« 
feffed  of  cat’s  eyes,  fo  that  in  a dark  place  he  could  read  a 
letter  diftindlly,  which  to  me  was  fcarcely  vlfible.  His  eyes, 
however,  had  no  apparent  difference  from  thole  of  otlicrs, 
except  that  the  pupils  were  more  prominent.” — Ophthal.  c.  5. 
feft.  12. 
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concerning  the  mechanifm  of  the  cryjialline  hu- 
mour (fee  Plate  D,  fig.  i.);  not  its  incomparable 
tranfparency  ; nor  its  exaft  lenticular  form ; 
nor  its  curious  araneous  membrane  {cc)-i  that 

con- 

The /wn/ffl  is  taken  notice  of  by  'Frls.v  S^con,  who 

calls  it,  te/a  aranea,  and  faith,  In  hac  continetur—glaciale  vel 
cryfiallinum.—'''’  In  this  is  contained  the  glafly  or  cryftulllne 
Vn%r—Rog.  Bacon’s  PerfpeB.  Dljtina.  2.  c.  3.  The  wrinkling 
of  this,  and  the  cornea  (as  the  llcin  is  of  old  perfons)  he  thinks 
is  the  caufe  of  the  obfcurity  of  the  fight  in  fuch  perfons.  Bacon^ 
ib.  par.  2.  c.  2.  But  this  tunic  fome  deny,  and  others  allow 
of.  Dr!  A.  M.  of  Trinity-College,  Dublin,  (in  his  RelaU  of 
Anal.  Obf.  in  the  eyes  of  animals,  in  a letter  to  Mr.  Boyle,  atm. 
1682,  annexed  to  \\h  Anat.  Account  of  the  Elephant  burnt  in 
Dublin,  p.  57.)  affirms  the  tunica  aranea,  and  faith,  I have 
often  feen  it  before  it  was  expofed  to  the  air  one  minute,  noiwith- 
Jlanding  what  Dr,  Briggs  faith  to  the  contrary,  &c.  But  Dr. 
Briggs  his  opinion  is.  Humor  cryjlallinus,  nifi  aeri  diutius  expo- 
fitus,  vel  leniter  coBus  ( injlar  laBis J cuticulam  non  acquirit  ; quet 
verb  improprie,  tunica  aranea  dicitur,  cum  fit  tantum  adventitia, 
vt  in  oculo  bovis  recens  exeSa  appareat. — “ The  cryftalline  hu- 
mour does  not  acquire  a film  unlefs  It  is  long  expofed  to  the 
air,  or,  like  milk.  Is  gently  boiled.  This  film  is  Improperly 
called aranea,  fince  It  is  only  an  adventitious  fubllance,  as 
appears  in  a bull’s  eye  recently  cut  out.” — Briggs’s  Ophthal.  c.  3, 
The  cryjialline  humour  being  of  a double  fubftance,  outwardly 
like  a jelly,  towards  the  centre  as  conliftent  as  hard  fuel,  upon 
occafion  whereof  its’  figure  may  be  varied ; which  variation 
may  be  made  by  the  ligamentum  ciliare ; Dr.  Grew  doth,  upon 
thefe  accounts,  not  doubt  to  afcribe  to  the  ligamentum  ciliare, 
a power  of  making  the  cryfalline  more  convex,  as  well  as  of 
moving  it  to  or  from  the  retina.  See  Grew’s  Cofmolog.  Sacr. 
1.  I.  c.  4.  Now  it  is  certain  by  the  laws  of  optics,  that 
fomewhat  of  this  Is  abfolutely  neceffary  to  dillinft  vifion,  Inaf- 
much  as  the  rays  proceeding  from  near  objefts  do  more  di- 
verge, 
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conftringeth  and  dilateth  it,  and  fo  varieth  its 
focus^  (if  any  fuch  variation  there  be,  as  fome  af- 

verge,  and  thofe  from  diftant  objefts  lefs ; which  requires 
either  that  the  cryjlalline  humour  Ihould  be  made  more  convex, 
or  more  flat ; or  elfe  an  elongation,  or  fliortening  of  the  eye, 
or  of  the  diltance  between  the  cry/lalline  humour  and  the  retina. 

But  although  Dr.  .S/'/oj-j  (fo  good  a judge)  denies  the 
nica  cryflallina,  contrary  to  the  opinion  of  mofl;  former  anato- 
miils  ; yet  there  is  great  reafon  to  conclude  he  was  in  a mif- 
take,  in  ihy  opinion,  from  the  obfervations  of  the  French  ana- 
tomijls,  of  the  cryjlalline  of  the  eye  of  the  gemp  or  chamois-, 
who  fay,  the  membrana  arachnoides  was  ‘very  tlnch  and  hard, 
fo  that  it  was  ecjily  feparated  from  the  cryflalUnus.  p.  145. 

The  fame  anatomifls  alfo  favour  the  furmife  of  Dr.  Grew. 
This  [^contradlion  of  the  fibres  of  the  ligamentum  ciliare  on  one 
fide,  and  dilatation  on  the  other]  would  make  us  thini  that  theft 
jlhres  of  tise  ligamentum  ciliare  are  capable  of  contraSion  and 
•voluntary  dilatation,  like  that  of  the  fhres  of  the  mufcles  ; and  that  this 
aSlion  may  augment  or^  diminjh  the  convexity  of  the  cryftallinus, 
according  as  the  need  which  the  diflance  of  the  objeSs  may  make  it 
to  Jmve  on  the  eye,  to  fee  more  clearly  and  dJlinSly.  Anat.  Deferip. 
of  a Bear,  p.  49. 

Since,  my  pennihg  the  foregoing  notes,  having,  as  critically 
as  I could,  dlflefted  many  eyes  of  birds,  hearts,  and  fifhes, 
I itianifertly  found  the  membrana  arachnoides,  and  will  under- 
take to  rtiew  it  any  one,  with  great  eafe  and  certainty.  It  is 
Hldeed  fo  tranfparent,  as-  not  to  be  fecn  diftindt  from  the  cryf- 
itsiline.  But  If  the  cornea  and  uvea  be  taken  off  before,  or 
the  vitreous  humour  behind  it,  and  the  outfide  of  the  cryjlalline 
be  gently  cut,  the  arachnoides  may  be  ieen  to  open,  and  the 
cryftaUine  will  eafily  leap  out,  and  part  fix)m  the  ligamentum 
eiliare  ; which  otherwife  It  would  not  do  : for  it  Is  by  the 
arachnoides  braced  to  the  ligamentum  ciliare.  This  membrane 
ot  tunic,  in  the  ox.  Is  fo  fubrtantlal  and  ffrong,  though  thin, 
that  It  yields  to,  or  finks  under  the  (harpeft  lancet,  and  requires 
(for  fo  thin  and  weak  a membrane  in  appearance)  a ftrong 
preffure  to  pierce  it. 
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firm  with  great  probability,)  nor  laftly,  its  admir- 
rable  approach  to  or  from  the  retina^  by  the  help 
of  the  ciliar  ligament  (dd),  according  as  objedls  are 

far 

{dd)  As  birds  and  fifhes  are  in  divers  things  conformable,  fo 
in  forae  fort  they  are  in  their  eye  ; to  enable  it  to  correfpond  to 
all  the  convergences  and  divergences  of  the  rays,  which  the  va- 
riations of  each  of  the  mediums  may  produce.  For  this  fervlce 
the  tunica  choroeides  (in  fifhes)  hath  a mufculous  fubftance  at  the 
bottom  of  it,  lying  round  the  optic  nerve,  at  a fmall  diftance 
from  it ; by  which  means  I imagine  they  are  able  to  contraft 
and  dilate  the  choroeides,  and  thereby  to  lengthen  and  ftiorten 
the  eye  : for  the  helping  in  which  fervice,  I imagine  it  is  that 
the  choroeides  and  fclerotica  are  in  a great  meafure  parted,  that 
the  choroeides  may  have  the  greater  h'berty  of  a£ling  upon  the 
humours  within. 

But  in  birds  I have  myfelf  found,  that  although  the  choroeides 
be  parted  from  the  fclerotica,  yet  the  choroeides  hath  no  mufcle, 
but  inftead  thereof  a curious  peftinated  work,  feated  on  the  op- 
tic nerve,  reprefented  in  plate  D,  fig.  4.  In  which  r.  a.  e.  b.  d. 
reprefents  the  choroeides  and fclerotica  ,•  a%  b.  the  part  of  the  optic 
nerve  that  is  within  the  eye ; -n.  <u.  the  vitreous  humour; 
^'f  S'  h.  i.  the  crjflaUlne,  For  the  reception  of 

thi5peaen,  the  optic  nerve  comes  farther  within  the  eye  than  in 
other  creatures.  The  ftrudlure  of  ^IspeBen  is  very  like  that  o^ 
the  ligamentum  cillare;  and  in  the  eye  of  a magpye,  and  fome 
others,  I could  perceive  it  to  be  mufculous  towards  the  bottom. 
Thhpeaen  is  fo  firmly  fixed  unto,  or  embodied  in  the  vitreous 
humour,  that  the  vitreous  humour  hangs  firmly  to  it,  and  is  not  fo 
eafily,  parted  from  it.  By  which  means  aU  the  motions  of  the 
peaen  are  eafily  communicated  to  the  vitreous  humour,  and  indeed 
to  aU  contained  in  the  choroeides.  And  forafmuch  as  the  cryftaU 
line  is  connefted  to  the  vitreous  humour,  therefore  alfo  the  aitera- 
tions  in  the  vitreous  humour  affea  alfo  - the  cryjlalline;  and  thj 
cryjlalltnei^  hereby  brought  nearer  unto  or  farther  from  the 
tina,  as  occafion  is. 
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far  off  or  near,  becaufe  thefe  things  are  what  are 
ufually  taken  notice  of ; but  that  which  I fhall  ob- 
ferv.e  is  the  prodigious  art  and  finery  of  its  confti- 

Befides  all  which  obfervables  in  the  choroeides,  and  inner  eye, 
I have  alfo  found  this  farther  remarkable  in  the  Jclerotica^  and 
outer-part  of  the  eye  of  birds,  wz.  that  the  fore -part  of  the 
fclerotica  is  homy  and  hard,  the  middle  part  thin  and  flexible, 
and  braces  intervene  between  the  fore  and  hind  part,  running 
between  the  choroeides  and  fclerotlca;  by  which  means  the  romra, 
and  back-part  of  the  eye,  are  brought  to  the  fame  conformity 
that  the  reft  of  the  eye  hath. 

The  great  end  and  defign  of  this  Angular  and  curious  appara- 
tus in  the  eyes,  both  of  birds  and  fiflies,  1 take  to  be,  i.  to  ena- 
ble thofe  creatures  to  fee  at  all  diftances,  far  off,  or  nigh  ; which 
(efpecially  In  the  waters)  requireth  a different  conformation  of 
the  eye.  In  birds  alfo,  this  is  of  great  ufe,  to  enable  them  to 
fee  their  food  at  their  bill’s  end,  or  to  reach  the  utmoft  diftances 
their  high  flights  enable  them  to  view ; as  to  fee  over  great  tradls 
of  fea  or  land,  whither  they  have  occafion  to  fly  ; or  to  fee  their 
foodorpreyj  even  fmall  fiflies  in  the  waters,  and  birds,  worms, 
i^c.  on  the  earth,  when  they  fit  upon  trees,  high  rocks,  or  arc 
hovering  high  in  the  air.  2.  To  enable  thofe  animals  to  adapt 
their  eye  to  all  the  various  refraftions  of  their  medium.  Even  the 
air  itfelf  varies  the  refraftions,  according  as  it  is  rarer  or  denfer, 
more  or  lefs  compreffed  ; as  is  manifeft  from  the  learned  and  in-, 
genious  Mr.  Loiuthorp’s  experiment  In  Phil.  Tranf.  No.  257, 
and  fome  other  experiments  fince  of  the  before- commended  Mr. 
Haivkjbeey  both  In  natural,  rarlfied,  and  compreffed  air ; in  each 
of  which,  the  refraftions  conftantly  varied  in  exaft  proportion 
to  the  rarity  or  denfity  of  the  air.  Vid.  Haivkjhee’s  Exp.  p.  1 75, 
fc’r. 

Befides  this  conformity  In  general,  between  the  eyes  of  birds 
and  fiflies,  Du  Hamel  tells  us  of  a Angular  conformity  in  the  cor- 
morands  eye,  and  that  is,  that  the  crj^alline  Is  globous,  as  in 
fiflies,  to  enable  it  to  fee  and  purfue  its  prey  under  water:  which 
y.  Faber,  in  Mr.  Willughby,  faith  they  do  <with  ivotidtrful fauifi- 
xejs,  and  for  a long  time.  Will.  Ornitiiol.  p.  325. 
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tuent  parts,  it  being,  according  to  fome  late  nice 
microfcopical  obfervations  (ee),  compofed  of  di- 
vers thin  fcales,  and  thefe  made  up  of  one  fingle 
minuteft  thread  or  fibre,  wound  round  and  round, 
fo  as  not  to  crofs  one  another  in  any  one  place, 
and  yet  to  meet,  fome  in  two,  and  fome  in  more 
different  centres ; a web  not  to  be  woven,  an 
optic  lens  not  to  be  wrought  by  any  art  lefs  than 
Infinite  Wifdom. 

• Lajily^  To  conclude  the  parts  of  this  admirable 
organ,  I fliall  make  only  one  remark  more,  and 
that  is  about  its  nerves.  And  here,  among  others, 
the  admirable  make  of  the  optic  nerves  might  de* 


(ee)  The  cr;^alTine  humour^  when  dried,  doth  manifeftly 
enough  appear  to.be  made  up  of  many  very  thin  fpherical 
lamuKSy  or  fcales  lying  one  upon  another.  Mr.  Lewenhook 
reckons  there  may  be  two  thoufand  of  them  in  one  cr^jJlaUine, 
from  the  outermoft  to  the  centre.  Every  one  of  thefe  fcales, 
he  faith,  he  hath  difcovered  to  be  made  up  of  one  fingle  fibre, 
or  fineft  thread,  wound  in  a moft  ftupendous  manner,  this 
way  and  that  way,  fo  as  to  run  feveral  courfes,  and  meet  in 
as  many  centres,  and  yet  not  to  interfere  of  crofs  one  another 
in  any  one  place.  In  oxen,  Jheep,  hogs,  dogs,  and  cats,  the; 
tlH-ead  fpreads  into  three  feveral  courfes,  and  makes  as  many 
centres  : in  -whales  five ; but  in  hares  and  rabbits  only  two. 
In  the  whole  furface  of  an  o.v’j  cr^alline,  he  reckons  there 
are  more  than  twelve  thoufand  fibres  juxtapofited.  For  the 
right  and  clear  underftanding  of  the  mapner  of  which  admi- 
rable piece  of  mechanifm,  I fiiall  refer  to  his  cuts  and  de- 
fcnptions  m Phdof.  Tranf.  No.  165,  and  193.  The  truth  here- 
ot  1 have  heard  fome  ingenious  men  queftion  ; but  it  is  what  I 

myfelf  have  feen,  and  can  Ihew  to  any  body,  with  the  help 
ot  a good  microfcope.  ‘ 
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ferve  to  be  taken  notice  of  in  the  firfl  place,  their 
medullary  part  {ff)  terminating  in  the  brain  itfelf, 
the  teguments  propagated  from  the  meninges,  and 
terminating  in  the  coats  of  the  eye,  and  their  com- 
modious infertions  into  the  ball  of  the  eye,  in  fome 
direftly  oppofite  to  the  pupil  of  the  eye,  in  others 
obliquely  towards  one  fide  But  moft  of 

thefe  things  have  been  treated  of,  and  the  conve- 
vience  hereof  fet  forth  by  others  that  have  written 
of  God’s  works.  I fhall  therefore  take  notice  only 
of  one  wife  provifion  the  Creator  hath  made  about 
the  motion  of  the  eye,  by  uniting  into  one  the 

iff)  Malpighi  obferved  the  middle  of  the  optic  nerve 
of  the  fiuord-Jifb,  to  be  nothing  elfe  but  a large  membrane, 
folded  according  to  its  length  in  many  doubles,  almoft  like  a 
fan,  and  invefted  by  the  dura  mater ; whereas  in  land-animals 
it  is  a bundle  of  fibres.  Vide  Philof.  Tranf.  No.  27. 

iss)  Certiffimum  ejl,  quod  in  omnibus  oculis  humanis  ( quos  faltem 
mihi  dijfecare  contigit ) nervus  opticus  pupilla  e diametro  opponHur, 
^c. — “ It  is  very  certain,  that  in  the  human  eye,  (at  leafl 
In  all  fuch  as  I have  happened  to  diffeft,)  the  optic  nerve  is 
placed  diredlly  oppofite  to  the  diameter  of  the  pupil.” — Ita 
Willis  de  Anim.  de  Brut.  p.  i.  c.  15. 

Nervi  optici  in  nobis,  item  in  cane,  fele,  (Id  in  cateris  for  fan 
animalibus  calidis,)  ad  fundum  oculi  delati  pupilla  regioni  profpicU 
unt,  dum  interim  in  aliis  quadrupedibus,  uti  etiam  in  pifeibus  id 
volucribus,  oblique  femper  tunica  fclerotidi  inferuntur. — “ The  optic 
nerve,  in  the  human  fpecies,  and  likewife  in  the  dog  and  the 
cat,  (perhaps  too  in  other  animals  of  a w'arm  habit,)  is  placed 
at  the  bottom  of  the  eye  and  direfUy  fronting  the  pupil.  But 
in  the  reft . of  the  quadrupeds,  and  in  filhes  and  birds,  it  is  al- 
ways obliquely  inferted  in  the  tunica  fclerotis." — Unde,  Willis 
lb.  c.  7.  feft.  II. 
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third  pair  of  nelves,  called  the  motory  nerves  {hh)^ 
each  of  which  fending  its  branches  into  each 
mufcle  of  each  eye,  would  caufe  a diftortion  in 
the  eyes ; but  being  united  into  one,  near  their 
infertion  into  the  brain,  do  thereby  caufe  both 
eyes  to  have  the  fame  motion  j fo  that  when  one 
eye  is  moved  this  way  and  that  way,  to  this  and 
that  object,  the  other  eye  is  turned  the  fame  way 
alfo. 

Thus  from  this  tranfient  and  flight  view  (I  may 
call  it)  of  the  parts  of  the  eye,  it  appears  what  an 
admirable  Artifl:  was  the  contriver  thereof.  And 
now  in  the 

Seventh  and  laft  place,  let  us  confider  what  pro- 
vifion  this  admirable  Artifl;  hath  made  for  the 
guard  dXidfecurity  of  this  fo  well  formed  organ  (/V). 

And 


This  pair  u united  at  its  rife  ; nuhence  is  commonly  drawn 
a reafon  why  one  eye  being  moved  towards  an  objed,  the  other  is 
direSed  alfo  to  the  fame.  Gibfon’s  Anat.  booh  iii.  chap.  1 1.  So 
Bartholine  Anat.  lib.  3.  c.  2. 

(h)  Among  all  the  other  fecun’ty  the  eye  hath,  we  may 
reckon  the  reparation  of  the  aqueous  humour  ; by  which  means 
the  eye  when  wounded,  and  that  in  all  appearance  very  danger- 
oufly  too,  doth  often  recover  its  fight ; of  which  Lern.  Ver- 
vcafcha  gives  divers  examples  ancient  and  modern.  One  is  from 
Galen,  of  a boy  fo  wounded,  that  the  cornea  fell,  and  became 
flaccid,  but  yet  he  recovered  his  fight.  Other  fuch  like  inftances 
a fo  he  gives  from  Realdus  Columbus,  Rhodius,  and  rulpius  • 

■vpJtUaftmUm  cy,m  ..  hac  Mu,  J, 

w!  fjT”'  fcripturiuLtfr,. 

lu/ormiucub  vulnu,  injlip,,  \„d,  l,unu,r  ajum  ,Mu„U, 

" 3 Vomu, 
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And  here  we  fhall  find  the  guard  equivalent  to  the  ufc 
and  excellency  of  the  part.  The  whole  organ  for. 
tified  and  fenced  with  ftrong,  compaft  bones,  lodg- 
ed in  a ftrong,  well  made  focket,  and  the  eye  it- 


Vocatus  prefentem  chlrurgum  juji  fequcns  collyrium  anodynum  Id 
exjtccans  teplde  fxpius  admovere.  R aq.  plantag.  | iv.  Rofar. 
Sanicul.  Euphraf.  ana  Trochifc.  alb.  Rhaf.  cum  opto 'Qi’y  tutU 
pp.  3 j.  croci  orient.  3 (5 . M.  Hoc  collyrium  injlammationem 
compefcuit,  vulnus  ficcavit  Id  fanavit.  Hinc  pojl  aliquot  menjtt 
humor  aqueus  fuccrevit.  Natn  vifus,  fed  debilior,  cum  fummo  pa- 
■ rentum  gattdio  rediwl. — “ A fimilar  cafe  occurred  to  myfelf 
of  a nobleman’s  daughter,  who  in  a trifling  quarrel  with  her 
brother,  was  wounded  by  him  in  the  eye  with  a pen-knife,  fo 
that  the  aqueous  humour  ran  out.  Being  called  to  her  aflill- 
ance,  I ordered  the  furgeon  who  was  prefent  to  apply  warm, 
and  frequently  to  the  eye,  the  following  anodyne  and  exficcat- 
ing  collyrium,  &c. — This  reduced  the  inflammation,  and  dried 
and  healed  the  wound.  From  that  time  the  aqueous  humour 
■was  renewed  in  a few  months  ; and  to  the  great  joy  of  her  pa- 
rents, her  fight  was  reftored,  though  fomewhat  weaker  than 
before.”— 5.  Ver%ajcha  Obferv.  Medica.  Obf.  1^.. 

Another  cure  of  this  kind  was  experimented  by  Dr.  Damet 
Major f upon  a goofe,  ann.  1670,  the  aqueous  humour  of  both 
whofe  eyes  they  let  out,  fo  that  the  eyes  fell,  and  the  goofe 
became  quite  blind : but  without  the  ufe  of  any  medicine,  in 
pbout  two  days  time.  Nature  repaired  the  watery  humour 
again,  the  eyes  returned  to  their  former  turgency,  and  the 
goofe  was  in  a week  after  produced,  feeing,  before  twenty- 
eight  or  thirty  fpe£lators.  Ephem.  Germ.  7.1.  Add.  ad.  Obf, 

W ■ ■ . 

From  the  fame  caufe,  I doubt  not,  it  was  that  the  eye  of  a 

gentleman’s  daughter,  and  thofe  of  a cock,  when  wounded, 
fo  that  the  cornea  funk,  were  reftored  by  a Lithuanian  chymift, 
that  palfed  for  a conjurer,  by  the  ufe  of  a liquor  found  in  May 
in  the  veficuloe  of  elm.  Of  which  fee  Mr.  Ray's  Catal.  Cantab. 
in  Ulmus  from  Henr.  ah  Hecrs. 
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felf  guarded  with  a nice  made  cover  (kk).  Its  hu- 
mours, and  its  inward  tunics,  are  indeed  tender, 

propor- 

Palpelra,  qua  funt  tegmenta  ocnhrum,  moUtffmx  taBUf 
tie  hederent  actem,  apt'ijjima  faEle^  £5*  ad  claudendas  pupillas,  tie 
quid  incideret,  Iff  ad  aperiendas  ; idque  providity  ut  identidem  jieri 
pojjet  cum  maxima  celeritate.  Munitaque  funt  paJpebra  tanquam 
vallo  pilorum  : quilus  iff  apertis  ocuUs,  Ji  quid  inciderety  repelle- 
retuKy  iff  fomno  conniventibus,  cum  oculis  ad  cernendum  non  ege- 
remusy  ut  quiy  tanquam  involutiy  quiefcerent.  Latent  pratered 
utilitery  iff  excel/is  undique  partibus  fepiuntur.  Primum  enim  fu- 
periora  fuperciliis  obdufla  fudorem  d capite,  iff  fronte  dejluentem 
repellunt.  Gena  deinde  ab  inferiore  parte  tutantur  fubjeBay  levi- 
terque  eminentes. — “ The  eye-lids,  which  are  the  coverings  of 
the  eyes,  are  foft  to  the  touch  that  they  may  not  hurt  the 
light,  and  are  fitted  both  for  veihng  and  opening  the  pupils 
with  the  greateft  celerity.  They  are  defended  by  the  eye- 
laihes,  as  by  a palifade  which  prevents  any  thing  from  fall- 
ing into  them  while  the  eyes  are  open ; and  clofing  together 
in  fleep  the  eye  is  at  reft  under  their  covering.  They  are, 
likewife,  moft  admirably  placed  under  Ihelter,  and  are  guarded 
on  all  fides  by  more  prominent  parts.  The  upper  eye-lids, 
covered  by  the  eye-brows,  are  fereened  from  the  fweat  falling 
down  from  the  foi'ehead ; the  under  eye-lids  are  defended  by 
the  cheek  bones  which  rife  higher  than  their  -furface.” — Cicer, 
de  Nat.  Dear.  1.  2.  c.  57. 

Lully,  in  the  perfon  of  a Stoici,  having  fo  well  accounted 
for  the  ufe  of  the  eyedids,  I lhall,  for  a further  manifeftation 
of  the  Creator’s  contrivance  and  ftrudure  of  them,  take  notice 
of  two  or  three  things : i.  They  confift  of  a thin  and  flexible, 
but  ftrong  flein,  by  which  means  they  the  better  wipe,  clean, 
and  guard  the  cornea : 2.  Their  edges  are  fortified  with  a foft 
cartilagey  by  wliich  means  they  are  not  only  enabled  the  better 
■^o  do  their  office,  but  alfo  to  clofe  and  Ihut  the  better  : Cut 

of  thefe  cartilages  grows  a palifade  of  ftiff  hairs,  of  great  ufe 
to  warn  the  eye  of  the  invafion  of  dangers,  to  keep  off  motes, 
9nd  to  fltut  out  too  exetffive  light,  i^c,  and  at  the  fame  time 
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proportionate  to  their  tender,  curious  ufes ; but 
the  coats  without,  are  context  and  callous,  firm 

and 

to  admit  of  (through  their  intervals)  a fufficient  pafTage  for 
objefts  to  approach  the  eye.  And  it  is  remarkable,  that  thefc 
hairs  grow  but  to  a certain,  commodious  length,  and  need  no 
cutting,  as  many  other  hairs  of  the  body  do  : alfo,  that  their 
points  Hand  out  of  the  way,  and  in  the  upper  lid  bend  upwards, 
as  they  do  downwards  in  the  lower  lid,  whereby  they  are  well 
adapted  to  their  ufe.  From  which  laft  obfervables,  we  may 
learn  how  critical  and  nice  the  great  Author  of  Nature  hath 
been,  in  even  the  leaft  and  moft  trivial  conveniencies  belonging 
to  animal  bodies  ; for  which  reafon  I have  added  it  to  Tully’s 
remarks.  And  more  might  have  been  added  too,  as  particu- 
larly concerning  the  curious  ftrudlure  and  lodgment  of  the 
right  mufcle,  which  opens  the  eye-lids ; and  the  orbicularis,  or 
circular  one,  that  Ihuts  them  ; the  nice  apparatus  of  glands  that 
keep  the  eye  moift,  and  ferve  for  tears ; together  with  the  reafon 
why  man  alone,  who  is  a focial  animal,  doth  exhibit  his  foclal 
aflfeftions  by  fuch  outward  tokens  as  tears  ; the  nerves  alfo,  and 
other  organs  afting  in  this  miniftry.  I might  alfo  fpeak  of 
the  paflages  for  difeharging  the  fuperfluous  moillure  of  the 
eyes  through  the  noftrils,  and  much  more  of  the  like  kind. 
But  it  would  take  up  too  much  room  in  thefe  notes ; and 
therefore  it  lhall  fuffice  to  give  only  fuch  hints  as  may  create  a 
fufpicion  of  a noble  ceconomy  and  contrivance  in  this  (I  had 
almoft  faid)  leaft  confiderable  part  of  the  eye.  But  for  par- 
ticulars I lhall  refer  to  the  anatomifts ; and  for  fome  of  thefe 
things,  particularly  to  Dr.  Willis's  Cereb.  Anat.  and  de  Ansm. 
Brut,  and  Mr.  Coivper's  elegant  cuts  in  the  nth  Tab.  of  his 
Anatomy. 

To  the  eye-lids  we  may  add  another  guard  afforded  the  eyes 
of  moft  quadrupeds,  birds,  and  fifhes,  by  the  ni&itating-membrane, 
which  Dr.  Willis  gives  this  account  of:  Plurimis  [animalibusj 
quibus  mufculus  fufpenforius  adejl  (which  limitation  he  needed  not 
to  have  added ) eiiani  alter  membranojus  canceditur,  qui  just  a inleri- 
orem  oculi  canthum  fttus,  quando  elevatur,  ocidiglobum  fere  tolum  ob~ 
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and  ftrong.  And  in  fome  animals,  particularly 
birds  (//),  fome  part  of  thofe  tunicles  have  the  na- 
ture and  hardnefs  of  bone  or  horn. 

But  for  animals,  whofe  eyes,  like  the  reft  of 
their  body,  are  tender,  and  without  the  guard  of 

teglt.  Hujus  ttjus  ejjfe  •vldetur,  ut  cum  hejl'ue  inter  gramina,  £3* c.  ca- 
pita  fua  propter  viSlum  capejfendum  demergunt,  hie  mufculus  oculi 
pupillam,  ne  d Jiipularum  incurfu  feriatur,  oculity  munitque. — “ In 
moil;  animals  which  have  the  fufpenfory  mufcle,  there  is  likewife 
a membranous  mufcle  which  adjoins  to  the  inner  corner  of  the 
eye,  and  when  it  is  raifed  up,  covers  almoft  the  whole  ball  of  the 
eye ; the  ufe  of  which  feems  to  be,  that  when  the  animals  lower 
their  heads  in  fearch  of  food  among  grafs,  buihes,  &c.  this  mufcle 
covers  and  defends  the  pupil  of  the  eye  againft  fharp  pointed 
ftrayvs,  and  whatever  might  hurt  it.” — De  Auim.  Brut.  p.  I. 
c.  IJ. 

This  membrane  man  hath  not, ‘he  having  little  occafion  to 
thrufl  his  head  into  fuch  places  of  annoyance  as  beafts  and 
other  animals ; or  if  he  hath,  he  can  defend  his  eyes  with  his 
hands.  But  birds  (who  frequent  trees  and  buihes)  and  qua- 
drupeds, (hedges,  and  long  grafs,)  and  who  have  no  part  ready, 
like  the  hand,  to  fence  off  annoyances  ; thefe,  I fay,  have  this 
incomparable  provifion  made  for  the  fafety  of  their  eyes.  And 
for  fiihes,  as  they  are  deftitute  of  eye-lids,  becaufe  in  the  waters 
there  Is  no  occafion  for  a defenfative  againft  duft  and  motes,  of- 
fenfive  to  the  eyes  of  land-animals,  nor  to  moiften  and  wipe  the 
eyes,  as  the  eye-lids  do,  fo  the  niBitating-memhrane  is  an  abundant 
provifion  for  all  their  occafions,  without  the  addition  of  the  eye- 
lids. 

And  now,  if  we  refleft,  are  thefe  the  works  of  any  thing  but 
a wife  and  indulgent  Agent  ? 

(//)  Although  the  hardnefs  and  firmnefs  of  the  adnatUy  or 
Sclerotica  yi  birds,  is  a good  guard  to  their  eyes,  yet  I do  not 
think  It  IS  made  thus,  fo  much  for  a defence,  as  to  minifter  to  the 
lengthening  and  Ihortening  the  eye,  mentioned  before  in  note  (cc). 

bones ; 


bones ; there  nature  hath  provided  for  this  neceffa- 
ry  and  tender  fenfe,  a wonderful  kind  of  guard, 
by  endowing  the  Qreature  with  a faculty  of  with- 
drawing its  eyes  Into  its  head  (jnni),  and  lodging 
them  in  the  fame  fafety  with  the  body. 

Thus  have  I furveyed  this  fir  ft  fenfe  of  animals, 

I may  fay  in  a curfory,  not  accurate,  ftri<ft  manner, 
confidering  the  prodigious  workmanfhip  thereof; 
but  fo,  as  abundantly  to  demonftrate  it  to  be  the 
contrivance,  the  work  of  no  lefs  a being  than  the 
infinitely  wife,  potent,  and  indulgent  Creator  (nri). 
For  none  lefs  could  compofe  fo  admirable  an  or- 
gan, fo  adapt  all  its  parts,  fo  adjuft  it  to  all  occa- 
fions,  fo  nicely  provide  for  every  ufe,  and  for  every 
emergency : in  a word,  none  lefs  than  God  could, 

{mm)  Cochhis  oculorum  mlcem  cornicula  Una pratenlu  Impletit. — 
« Two  little  horns  ftretched  out  are  the  eyes  of  the  fnails.”— 
Plln.  Nat.  Hljl.  1.  1 1,  c.  37.  See  more  of  the  eyes  aiftmiU  be- 
fore  in  note  {h)  ; and  in  note  (/),  I faid  that  I fufpefted  mohi 
alfo  might  thruft  out,  or  withdraw  their  eyes  more  or  lefs  within 
the  hair  or  fkin. 

(««)  The  diligent  Sturmius  was  fully  perfuaded  there  could 
not  be  any  fpeculative  atheifm  in  any  one  that  fhould  well  fun  ey 
the  eye.  Nobis,  faith  he,/««V  perjuajijwmm,  atheijmum,  quern  vo- 
eant  fpeculaiivum,  h.  e.  objirmatam  cle  Deitate  in  univerfo  nulla  per- 
fuqfwnem,  habere  locum  aut  inveniri  non  pojfe  in  eo  homine,  qut  vel 
mius  corporis  organici,  fpeciatim  oculi  fabricam  attento  aitimo  af- 

pcxerit. — “ I am  thoroughly  convinced  that  what  is^  called  fpe- 
culative atheifm,  or  a firm  perfuafion  of  the  non-exUlence  of  a 
Deity,  was  never  found  in  any  man  who  had  attentively  confidercd 
the  llruAure  of  any  organized  body,  more  efpecially  that  of  the 
eye:’— Sturm.  E.xerc.  /lead.  9.  De  FiJ.  Organ-  (S’  Rat.  w Ept^ 
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I fay,  thus  contrive,  order,  and  ptovide  an  organ, 
as  magnificent  and  curious  as  the  fenfe  is  ufeful ; a 
fenfe  without  which,  as  all  the  animal  world  would 
be  in  perpetual  darknefs,  fo  it  would  labour  under 
perpetual  inconveniencies,  be  expofed  to  perpetual 
harms,  and  fuffer  perpetual  wants  and  diftrefles. 
But  now  by  this  admirable  fenfe,  the  great  God, 
who  hath  placed  us  in  this  world,  hath  as  well  pro- 
vided for  our  comfortable  refidence  in  it ; enabled 
us  to  fee  and  chufe  wholefome,  yea,  delicate  food  ; 
to  provide  ourfelves  ufeful,  yea,  gaudy  cloathing, 
and  commodious  places  of  habitation  and  retreat. 
We  can  now  difpatch  our  affairs  with  alacrity  and 
pleafure,  go  here  and  there  as  our  occafions  call  us. 
We  can,  if  need  be,  ranfack  the  whole  globe,  pene- 
trate into  the  bowels  of  the  earth,  defcend  to  the 
bottom  of  the  deep,  travel  to  the  fartheft  regions  of 
this  world,  to  acquire  wealth,  to  encreafe  our  know- 
ledge, or  even  only  to  pleafe  our  eye  and  fancy. 
We  can  now  look  about  us,  difcern  and  fliun  the 
precipices  and  dangers  which  every  where  enclofe 
us,  and  would  deftroy  us.  And  thofe  glorious  ob- 
jefbs  which  fill  the  heavens  and  the  earth,  thofe  ad- 
mirable works  of  God  which  every  where  furround 
us,  and  which  would  be  as  nothing  to  us  without 
being  feen,  do  by  means  of  this  luible  fenfe  prefent 
their  glories  to  us  (00),  and  fill  us  with  admiration 

and 

(00)  Tlie  glorious  landfcapes,  and  other  objefts  that  prefent 
thcmfelves  to  the  eye,  are  manifeftly  painted  on  the  retina,  and 
that  not  eredl,  but  inverted  as  the  laws  of  optics  require  ; and  is 
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and  pleafure.  But  I need  not  expatiate  In  the  ufe- 
fulnefs  and  praifes  of  this  fenfe,  which  we  receive 

the 

manifeft  to  the  eye  from  monfieur  Carles’s  experiment,  of  laying 
bare  the  vitreous  humour  on  the  back  part  of  the  eye,  and 
clapping  over  it  a bit  of  white  paper,  or  the  flcin  of  an  egg ; and 
then  placing  the  fore  part  of  the  eye  to  the  hole  of  the  window 
of  a darkened  room.  By  which  means  we  have  a pretty  land- 
fcape  of  the  objefts  abroad  invertedly  painted  on  the  paper, 
on  the  back  of  the  eye.  But  now  the  queftion  is,  How  in 
this  cafe  the  eye  comes  to  fee  the  objefts  ereft  ? Monfieur 
Cartes’s  anfwer  is,  Notitia  illius  ex  nulla  imagine  pendet,  nec 
ex  ulld  aSione  ah  oljeSis  veniente,  fed  ex  folo  Jitu  exiguarum  par- 
tinm  cerebri,  e quibus  nervi  expullulant. — E.  g.  cogitandum  in  oculo— 
Jitum  capillamenti  nervi  opt  id — refpondere  ad  alium  quendam  partis 
cerebri — qui  fadt  ut  anima  fingula  loca  cognofcat,  qua  jacent  in  reSd, 
aut  qucfi  re£ld  lined ; ut  ita  mirari  non  debeamus  corpora  in  naturali 
Jitu  vidcri,  quamvis  imago  in  oculo  delineata  contrarium  habeat.— 
The  knowledge  of  the  upright  fituation  of  objefts  does  not 
depend  on  any  pifture,  or  any  thing  proceeding  from  the  ob- 
je£ls,  but  folely  on  the  fituation  of  tlie  minute  parts  of  the  brain 
from  which  the  nerves  fpring  out.  For  example  ; we  may  ima- 
gine that  the  fmall  threads  of  the  optic  neive  correfpond  with 
fome  oppofite  part  of  the  brain,  fo  that  the  mind  perceives  thofe 
objefts  ereft,  though  the  pifture  is  reverfed.”— Z)/o//r.  c.  6. 
But  our  moft  ingenious  Mr.  Molyneux  anfwereth  thus  : The  eye 
is  only  the  organ  or  injlrument,  it  is  tlse  foul  that  fees  by  means  of  the 
eye.  To  enquire  then  honv  the  foul  perceives  the  objeSt  ered,  by  an  in- 
verted image,  is  to  enquire  into  the  fouPs  faculties.  But  ere9  and  in- 
verted are  only  terms  of  relation  to  up  and  down  ; or  farther  from, 
or  Higher  to  the  centre  of  the  earth,  in  parts  of  the  fame  thing.  But 
the  eye  or  viftve  faculty  takes  no  notice  of  the  internal  pojlure  of  its 
own  parts,  but  ufeth  them  as  an  injlrument  only,  contrived  by  Nature 
for  the  exercife  of  fuch  a faculty.  Let  us  imagine,  that  the  eye  (on 
its  lower  part)  receives  an  impulfe  [by  a ray  from  the  upper  part 
of  the  objeft],  mujl  not  the  viftve  faculty  be  necejfivdly  direded  hereby 
to  coijidcr  this  Jlroke  as  coming  from  the  top  rather  than  the  bottom 
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the  benefit  of  every  moment,  and  the  want,  or  any 
defied:  of  which,  we  lament  among  our  greatefl  mif- 

fortunes. 

Leaving  then  this  fenfe,  I fhall  proceed  to  the 
other  four,  but  more  briefly  treat  of  them,  by  reafon 
we  have  fo  ample  a fpecimen  of  the  divine  art  in  the 
laft,  and  may  prefume  that  the  fame  is  exerted  in 
all  as  well  as  one.  For  a demonftration  of  which, 
let  us  in  the  next  place  carry  our  fcrutiny  to  the 
fenfe  of  bearing, 

[of  tte  objeft],  and  confequently  he  ^reBedto  conclude  it  the,  repre- 
fentation  of  the  top  ? Hereof  <we  may  be  fatisfed,  by  fuppofmg  a man 
Jlanding  on  his  head.  . For  here,  though  the  upper  parts  of  objeBs  are 
painted  on  the  upper  parts  of  the  eye,  yet  the  objeSs  are  judged  to  be 
ereB.  What  is  faid  of  ereB  and  reverfe,  may  he  underflood  offtnijler 
and  dexter.  Molyneux’s  Dioptr.  Nov.,  part  i.  prop.  28. 
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CHAP.  III. 

Of  the  Senfe  of  Hearing. 

Concerning  the  fenfe  of  hearing,  I fhaH  take 
notice  of  two  things,  the  organ,  the  ear ; and 
its  found. 

I.  For  the  organ,  the  ear ; I fhall  pafs  by  its 
convenient  number  of  being  double,  which  (as  in 
the  lafl:  fenfe)  ferves  for  the  commodious  hearing 
every  way  round  us;  as  alfo  a wife  provifion  for 
the  utter  lofs  or  injury  {a)  of  one  of  the  ears.  But 

Ifhall 

(a)  I prefiime  it  will  not  be  ungrateful  to  take  notice  here 
of  the  admirable,  as  well  as  ufeful  fagaclty  of  fome  deaf  perfons, 
that  have  learned  to  fupply  their  want  of  hearing  by  underftand- 
ing  what  is  faid  by  the  motion  of  the  lips.  My  very  ingenious 
friend  Mr.  Waller,  R.  S.  Seer,  gives  this  account : There  live 

now,  and  have  from  their  birth,  in  our  town,  a man  and  his  JJler, 
each  about  fifty  years  old,  neither  of  which  have  the  leafl  fenfe  of 
hearing, — yet  both  of  thefe  know,  by  the  motion  of  the  Ups  only, 
whatever  is  faid  to  them,  and  will  anfwer  pertinently  to  the  quejlion 
propofed,  to  them. — The  mother  told  me  they  could  hear  very  well, 
and  fpeak  when  they  were  children,  but  both  lofl  that  fenfe  after- 
wards,  which  makes  them  retain  their  fpeech  ; though  that,  to  per- 
fons not  ufed  to  them,  is  a little  uncouth  and  odd,  but  intelUgible  enough, 
Philofoph.  Tranf.  No.  312. 

Such  another  Inftance  Is  that  of  Mr.  Goddy,  mlnifter  of  St. 
Cervais  in  Geneva,  his  daughter.  She  is  now  about  Jixteen  years 
old.  Her  nurfe  had  an  extraordinary  thicknefs  of  hearing  ; at  a 
year  old,  the  child  fpake  all  thofe  little  words  that  children  begin  to 
fpeak  af  that  age.  At  two  years  old,  they  perceived Jhe  had  lofl  her 
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I fiiall  a little  iiififl  upon  its  fituatlon,  and  its  adnii^ 
Table  fabrick  and  parts. 

I.  It  is  fituated  in  the  moft  convenient  part  of 
the  body,  (like  as  I faid  the  eye  is,)  in  a part  near 
the  common  fenfory  in  the  brain,  to  give  the  more 
fpeedy  information ; in  a part  where  it  can  be  bell 
guarded,  and  where  it  is  mod  free  from  annoyances 
and  harms  itfelf,  and  where  it  gives  the  lead  annoy- 
ance and  hindrance  to  the  exercifes  of  any  other 
part ; in  a part  appropriated  to  the  peculiar  ufe  of 
the  principal  fenfes,  in  the  mod  lofty,  eminent  part 
of  the  body,  where  it  can  perceive  the  mod  objedls, 
and  receive  the  greated  information  : And  ladly,  in 
a part  in  the  neighbourhood  of  its  fider  fenfe  the 
eye,  with  whom  it  hath  peculiar  and  admirable 
communication  by  its  nerves,  as  I intend  to  drew  in 
its  proper  place.  In  refpe(d  then  of  its  fituation  and 
place  in  the  body,  this  fenfe  is  well  dedgned  and 

hearing,  and  <was  fo  deaf,  that  e^er  Jince,  though  Jloe  hears  great 
noifesy  yet  Jloe  hears  nothing  that  one  can  fpeah  to  her.  But  by  oh- 
ferving  the  motions  of  the  mouth  and  lips  of  others,  Jhe  hath  acquired 
fo  many  words,  that  out  of  thefe  Jhe  hath  formed  a fort  of  jargon,  in 
which  Jhe  can  hold  converfation  whole  days  with  thofe  that  can  fpeak 
her  own  language.  I could  underfand fame  of  her  words,  but  could 
not  comprehend  a period,  for  it  feemed  to  be  but  a confufed  noife. 
She  hows  nothing  that  is  faid  to  her,  unlefs  Jl:e  feeth  the  motion  of 
their  mouths  that  fpeak  to  her  ; fo  that  in  the  night,  when  it  is  necef 
fary  to  fpeak  to  her,  they  mujl  light  a candle.  Only  one  thing  ap-. 
peared  the  JlrangeJl  part  of  the  whole  narration  : Jhe  hath  a JiJler^ 
with  whomjloe  hath  prattifed  her  language  more  than  with  any  other  : 
and  in  the  night,  by  laying  her  hand  on  her  JlJler’s  mguth,Jl}e  can  per. 
ceive  by  that  what  Jhe  faith,  andfo  can  difcourfe  with  her  in  the  night. 
£iihop  Burnet’s  Let.  4.  p.  248. 
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contrived,  and  may  fo  far  be  accounted  the  work 
of  fome  admirable  artift.  But, 

2.  If  we  furvey  its  fabric  and  parts,  it  will  ap- 
pear to  be  an  admirable,  piece  of  the  divine  wifdom, 
art,  and  power.  For  the  manifeftation  of  which, 
let  us  diftinftly  furvey  the  outward  and  the  inward 
part  of  this  curious  organ. 

I.  For  the  outward  ear : if  we  obferve  its  ftruc- 
ture  in  all  kinds  of  animals,  it  mufl  needs  be  ac- 
knowledged to  be  admirably  artificial,  it  being  fo 
nicely  prepared,  and  adjufted  to  the  peculiar  occa- 
fions  of  each  refpedive  animal.  In  man  (^),  it  is 

of 

(^)  I cannot  but  admire  that  our  moft  eminent  modem  ana- 
tomills  fhould  not  agree,  whether  there  be  any  mufcles  in  the 
outward  ear  of  man  or  not.  Dr.  Keil  faith  there  are  two  ; Dr. 
Drake  the  fame  number and  Dr.  Gibfon  makes  them  to  be  four. 
So  alfo  doth  monfieur  Dionh,  and  fo  did  the  ancient  anatomills  : 
but  Dr.  Schelhammer  exprefsly  denies  there  are  any,  and  faith, 
Seetuxk  autem  reliquos  hrutorum  anatome,  in  quorum  plerifque  tales 
mufculi  plures  inveniuntur ; putarunt  autem  fortqffis  ignominiofum 
homini,  ft  non  hh  tnflruElus  ejfety  Iff  minus  hide  perfedum  animal 
fore. — “ Others  are  led  into  a miftake  from  the  difTeftion  of 
t(rutes,  in  moft  of  which  we  find  many  fuch  mufcles,  and  they  have 
perhaps  thought  it  derogatory  to  man  to  want  fuch  mufcles  ; as 
if  he  were  on  that  account  a lefs  perfeft  animal.” — Schel.  de  Au- 
ditu,  p.  1.  c.  I.  fe<ft.  7.  But  Valjalva,  who  wrote  very  lately, 
and  is  very  accurate  in  his  furvey  of  the  ear,  faith,  Mufculi  auri- 
cula pqfleriores  quandoque  quatuor,  quandoque  duo  ; fed  ut  plurimum 
Ires  adnotemtur ; quando  folhm  duo  fe  manifefant,  tunc  vnus  ex 
illis  duplicato  tendine  versus  concham  deferri  folet.  Horum  mufeu- 
hrum  in  numero  varietatem  non  folum  in  diverfs  ; verum  etiam  in 
eodem  fuljeSlo  quandoque  vidi. — Ex  quibus  dijferentiis  fuborta  funt 
auBorum  difcrepanlice  in  horum  mufculorum  numcroy  lA  pftu  .* 
quod  non  eveniffet,  f pluries  in  divtrfs  corporihus  iidem  mufculi  qua- 
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of  a form  proper  for  the  ere£l  pofture  of  his  body. 
In  birds,  of  a form  proper  for  flight ; not  protube- 
rant, becaufe  that  would  obftrud  their  progrefs, 
but  clofe  and  covered,  to  afford  the  eafier  paflage 
through  the  air.  In  quadrupeds,  its  form  is  agree- 
able to  the  pofture,  and  flower  motion  of  their  bo- 
dies ; and  in  thefe  too,  various,  according  to  their 
various  occafions.  In  fome  large,  ereft,  and  open, 
to  hear  the  leafl;  approaches  of  dangers  (c)^  in 
others  covered,  to  keep  out  noxious  bodies.  In 
the  fubterraneous  quadrupeds,  who  are  forced  to 
mine  and  dig  for  their  food  and  habitation,  as  a 
protuberant  ear,  like  th'at  of  other  quadrupeds, 
would  obflru£l;  their  labours,  and  be  apt  to  be 
torn  and  injured  y fo  they  have  the  contrary  (d), 

their 

fill  ejfent.  Ant.  Mar.  Valfaha  de  Aur.  Human,  c.  i.  fedt.  6. 
But  Dr.  Drake  thinks  fome  of  Valfalva?%  mufcles  the  produdt 
of  fancy.  Mr.  Coauper  makes  them  to  be  three,  one  attoUenty 
and  two  retrahent  mufcles.  See  Anat.  Tab.  12. 

(c)  Inter  catena  [animaha  aurlta]  maxime  admiraUlh  ejl  aurts 
leporina  fabrica,  quod  cum  timidtjjimum  animal Jit,  £5”  prorfus  inerme, 
Natura  id  turn  auditu  acutjjimo,  tanquam  hojlium  exploratore  ad  per - 
fentienda  pericula,  tumpedihus  ceu  armis  ad  currendtmi  aptis  munivjfe 
videtur. — “ Among  the  other  animals,  the  hare’s  ear  is'  of  the 
moft  admirable  fabric  ; for  being  a moft  timid  creature,  and  al- 
together unarmed,  Nature  has  given  her  a wonderful  acutenefs  of 
hearing  for  the  difcovery  of  her  enemies,  and  great  fwiftnefs  of 
foot  as  a defence  againlt  them.” — A.  Kircher’s  Phonurg.  1.  1. 
feft.  7.  Technaf.  2. 

{d)  Moles  have  no  protuberant  ear,  but  only  a round  hole  be- 
.twcen  the  neck  and  fhoulder ; which  fituation  of  it,  together 
with  the  thick,  fhort  fur  that  covers  it,  is  a fufficient  defenfative 
againll  external  annoyances.  The  meatus  auditorius  is  long, 
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their  ears  fhort,  lodged  deep  and  backward  in  their 
head,  and  pafling  to  the  under  part  thereof,  and 

all 

round,  and  cartilaginous,  reaching  to  the  under  part  of  the  fkuU. 
Round  the  infide  runs  a little  ndge,  refembling  two  threads  of  a 
ferew ; at  the  bottom  whereof  is  a pretty  inlet  leading  to  the 
drum,  made,  on  one  fide,  with  the  aforefaid  cochleo.us  ridge,  and 
on  the  other,  with  a fmall  cartilage.  I obferved  there  was  ceru~ 
wen  in  the  meatus. 

As  to  the  inner  ear,  it  is  fomewhat  firigular,  and  different 
from  that  of  the  other  quadrupeds,  and  much  more  from  birds, 
although  I have  met  with  fome  authors  that  make  it  agreeing 
with  that  of  birds.  There  are  three  fmall  bones  only  (all  hol- 
low) by  which  the  drum  (to  ufe  t^ie  old  appellation)  or  the  mem- 
Irana  iympani  (as  others  call  it)  adleth  upon  tlje  auditory  nerve. 
The  firft  is  the  malleus,  which  hath  two  procefleg  nearly  of  equal 
length  ; the  longer  of  which  is  braced  to  the  memhrani  Lympani, 
the  ftiorter  to  the  fide  of  the  drum  or  os  petrofum  ; the  back  part 
of  it  refembles  the  head  and  ftalk  of  a fmall  mujhroom,  fuch  as  arc 
ufuallypickled.  On  the  back  of  thona&wrlies  the  next  fmall  bone, 
which  may  be-  called  the  incus,  long,  and  without  any  procefs, 
having  foraewhat  the  form  of  the  fhort  fcoop  wherewith  water- 
men throw  the  water  out  of  their  wherries.  To  the  end  of  this 
the  third  and  laft  fmaU  bone  is  tacked  by  a very  tender  brace. 
This  little  bone  bears  the  office  of  the  Jlapes,  but  is  only  forked 
without  any  bafe.  One  of  thefe  forks  is  at  one  fenejlra,  or  fora~ 
men,  the  other  at  another ; in  which  fenejlrs  I apprehend  the 
forks  are  tacked  to  the  auditory  nerve.  Thefe  fenejlrs  (equiva- 
lent to  the  fenejlra  ovalis,  and  rotunda  in  others)  are  the  inlets 
into  the  cochlea  and  canalcs  femicirculares,  in  which  the  auditory 
nerve  lieth.  The  femictrcular  canales  lie  at  a diftance  from  the 
drum,  and  are  not  lodged  (as  in  other  animals)  in  a ftrong,  thick, 
body  of  bone,  but  arc  thruft  out,  within  the  fkull,  making  an 
antrum,  with  an  handfome  arch  leading  into  it,  into  which  a part 
of  the  brain  enters. 

One  leg  of  the  malleus  being  faftened  to  the  memhrana  iympant, 
and  the  incus  to  the  back  of  the  malleus,  and  the  top  of  that  to 
the  top  of  the  Japes,  and  the  forks  or  branches  of  the  Japes  to 
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all  fufEciently  fenced  and  guarded.  And  as  for 
infers,  reptiles,  and  the  inhabitants  of  the  waters, 
if  they  enjoy  this  fenfe,  (as  there  is  great  reafon  to 
think  they  do,)  it  may  probably  be  lodged  commo- 
dioully  under  the  fame  fecurity  and  guard,  as  the 
fmelling  or  fomc  other  fenfe  is. 

And  moreover,  as  the  form  of  this  organ  is  va- 
rious in  various  animals,  fo  in  each  of  them  it» 
flru6lure  is  very  curious  and  obfervable,  being  in 
all  admirably  contrived  to  colled  the  wandering, 
circumambient  impreifions,  and  undulatiohs  of 
found,  and  to  convey  them  to  the  fenfory  within. 
If  I fliould  run  over  the  feveral  genera  of  animals, 
we  might  find  a notable  profped  of  the  handy- 
work  of  God  (fi”),  even  in  this  fo  inconfiderabie  a 

part 

the  auditory  nerve,  I obferved  that  whenever  I moved  the  mem- 
brane, all  the  little  bones  were  at  the  fame  time  moved,  and  con- 
fequently  the  auditory  nerve  thereby  affedled  alfo.  , 

I hope  the  reader  will  excufe  me  for  being'  fo  particular  in  this 
organ  only  of  the  mole,  a defpifed  creature,  but  as  notable  an  ex- 
ample of  God\  work,  as  its  life  is  different  from  that  of  other 
quadrupeds;  for  which  reafon  it  partly  is  that  I have  enlarged 
on  this  part  differing  from  that  of  others,  and  which  nobody  that 
I know  of,  hath  taken  much  notice  of,  and  which  is  not  difco- 
verable  without  great  patience  and  application  ; and  partly  be- 
caufe  by  comparing  thefe  obfervations  with  booh  vii.  chap.  2. 
note  [d),  we  may  judge  how  the  fenfe  of  hearing  is  perfoi-med.  ' 
(e)  Jmong  many  varieties,  both  in  the  inner  and  outer  ear,  thoCg 
luhicb  appear  in  the  pajjage  into  the  roch-bone,  are  remarkable.  For 
m an  o^yhat  perches  on  a tree  or  beam,  and  hearkens  after  the  prey 
eneath  her,  it  is  produced  farther  out  above  than  it  is  below,  for  the 
letter  reception  of  thi  leaf  found.  But  in  a fox,  that  feouteth  under-. 
neatlHhe  prey  at  roojl,  it  is  for  the  fame  reafon  produced  farther  out 
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part  of  animals.  But  I lliall  only  carry  my  furvey 
to  that  of  man.  And  here  the  firft  thing  that  offer- 
eth  itfelf  to  our  view,  is  ihe  helix.,  with  its  tortuous 
cavities,  made  to  flop,  and  col) eel  the  fonorous  un- 
dulations, to  give  them  a gentle  circulation  and  re- 
fraftion,  and  fo  convey  them  to  the  concha,  or 
larger  and  more  capacious  round  cell  at  the  en- 
tj'ance  of  the  ear.  And  to  bridle  the  evagation  of- 
the  found,  when  arrived  fo  far,  but  withal  not  to 
make  a confufion  thereof,  by  any  difagreeable  re- 
percuffions,  we  may  take  notice  of  a very  curious 
provifion  in  thofe  little  protuberances  called  the 
tragus  and  antitragus  of  the  outward  ear,  of  a com- 
modious form  and  texture  (/),  and  conveniently 
lodged  for  this  ufe.  The  great  convenience  and 
■^benefit  of  this  form  and  contrivance  of  the  outward 
ear,  is  fufEcieiitly  manifefl:  by  the  waht  thereof, 
which  caufeth  a confufion  in  the  hearing,  with  a cer- 
tain murmur,  or  fwooing  like  the  fall  of  waters  (^). 

Another 

hehw.  In  a pole-cat,  which  hearhens  frail  forward,  it  is  produced 
behind,  for  the  taking  of  a forward  found.  IVhereas  in  a hare, 
which  is  very  quick  of  hearing,  and  thinks  of  nothing  hut  being  pur- 
fued,  it  is  fupplied  with  a bony  tube,  which,  as  a natural  otocoufic, 
is  fo  direded  backward,  as  to  receive  the  ftnallef  and  mof  difant 
found  that  comes  behind  her.  Grew’s  Cofmolog,  S&cr. -lib.  i. 
c.  S-fed.  6. 

(f)  The  texture  of  the  tragus  and  antitragus  is  fofter  than 
that  of  the  helix,  which  ferveth  gently  to  blunt,  not  forcibly  to 
fepel,  the  found  in  the  concha. 

(_y)  Dr.  Gibfon’a  Anatomy,  chap.  22.  book  iii. 

f hofe  whofe  ears  are  cut  ojf  have  but  a confufed  way  of  hearing, 
0nd  are  obliged  either  to  form  a cavity  round  the  ear  with  their  own, 
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Another  wife  provifion  of  the  Creator,  is  in  the 
fubftance  of  the  outward  ear,  which  is  cartila^- 
nous,  the  fittefl:  for  this  place.  For  (as  an  ingeni- 
ous anatomift  (Z>)  obferves)  “ If  it  had  been  bone, 
“ it  would  have  been  troublefome,  and  might  by 
“ many  accidents  have  been  broken  off : if  fleih, 
“ it  would  have  been  fubjed  to  Contufioh.’’  But 
indeed  a worfe  confequence  than  this  would  have 
enfued  from  fuch  a foftnefs  as  that  of  fleih,  and  that 
is,  it  would  neither  have  remained  expanded,  neither 
would  it  fo  kindly  receive  and  circulate  the  founds, 

- but  abforb,  retard,  or  blunt  their  progrefs  into  the 
inward  organ.  But  being  hard,  and  curioufly 
fmooth  and  tortuous,  founds  find  an  eafy  palfao-e, 
with  a regular  volutation  and  refradion : as  in  a 
well-built  arch,  grotto,  or  mufical  inftrument,  which 
magnify  and  meliorate  founds ; and  fome  of  which 
convey  even  a whifper  to  a large  diftance  (/)  ; but  • 
from  the  outward,  let  us  carry  our  furvey. 


2.  To 

hands,  or  elfe  to  make  ufe  of  a horn,  and  apply  the  end  of  it  to  the 
inner  cavity  of  the  ear,  in  order  to  receive  the  agitated  air.  ’Th 
like  wife  obferved,  that  thofe  whofe  ears  jut  out,  hear  better  than  flat* 

eared perfons.  Monfieur  Z)io«u’s  Anat.  Demonftr  $ 

(h)  Gibf  Ibid. 

(i)  It  would  fatigue  the  reader  to  reckon  up  the  places 
famed  for  the  conveyance  of  whifpers,  fuch  as  the  prifon  of  Dio- 
nyftus  at  Syracufe,  which  is  faid  to  Increafe  a whifper  to  a noife  • 
the  clapping  one’s  hands  to  the  found  of  a cannon,  • or 
the  aquceduas  of  Claudius,  which  carry  a voice  fixteen  miles, ’and 
many  others  both  ancient  and  modern.  If  the  reader  hath  a 
mind  to  be  entertained  in  this  way,  he  may  find  enough  in  Kir. 
1m-  s Phonurgia.  But  it  may  not  be  irkfome  to  mention  one  or 
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2.  To  this  inward  part  of  this  admirable  organ. 
And  here  we  find  the  mofl  curious  and  artful  pro- 
vifion  for  every  emergency  and  occafion.  The 
auditory  pajfage,  in  the  firfl  place,  curioufly  tun- 
nelled, and  artfully  turned,  to  give  founds  an  eafy 
paflage,  as  well  as  a gentle  circulation  and  refrac- 
tion (fee  plate  D.  fig.  3.) ; but  withal,  fo  as  to  pre- 
vent their  too  furious  rufhing  in,  and  aflaulting  the 
more  tender  parts  within. 

‘ And  forafmuch  as  it  is  neceflary  that  this  paflage 
fliould  be  always  open,  to  be  upon  the  watch  (k)y 

therefore 

two  of  our  own  in  England.  Among  which,  one  of  the  mofl 
famed  is  the  ’whifpering -place  in  Gloucejler  cathedral,  which  is  no 
other  than  a gallery  above  the  eaft-end  of  the  choir,  leading 
from  one  fide  thereof  to  the  other.  It  confifteth  (if  I millakc 
not)  of  five  angles,  and  fix  fides,  the  middlemoft  of  which  is  a 
naked,  uncovered  window,  looking  Into  a chapel  behind  It.  I 
guefs  the  two  whifperers  Hand  at  about  twenty-five  yard* 
diflance  from  one  another.  But  the  dome  of  St.  PauVs,  London, 
is  a more  confiderable  nvhifpering-place,  where  the  ticking  of  a 
watch  (when  no  noife  Is  in  the  ftreets)  may  be  heard  from  fide 
to  fide  ; yea,  a whifper  may  be  fent  all  round  the  dome.  And 
not  only  In  the  gallery  below,  but  above,  upon  the  fcafibld,  I 
tried,  and  found  that  a whifper  would  be  carried  over  one's  head 
round  the  top  of  the  arch,  notwithftanding  there  is  a large  open- 
ing In  the  middle  of  it,  into  the  upper  part  of  the  dome. 

(!')  Audiius  autem  femper patet  ; ejus  enlm  fenfu  etiam  dormientes 
tgemiis  : A quo  cum  fonus  ejl  acceptns,  etiam  e fomno  excitamur. 
Flexuofum  iter  habet,  ne  quid  intrare  pojfit,  Ji  Jimplex,  direQum, 

paleret ; provifum  etiam,  ut  Jiqua  minima  bejliola  conaretur  irrum- 
perc,  in  for  dibus  aurium,  ianqudm  in  vifco,  inhsrefceret. — “ The 
fenfe  of  hearing  Is  always  awake  ; for  even  while  aflcep  we  ftand 
in  need  of  that  fenfe  ; whence,  when  any  found  Is  received  by 
the  ear, we  are  roufed  from  fleep.  Theear  has  a winding  paflage  to 

prevoat 
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therefore  to  prevent  the  invafion  of  noxious  infers, 
or  other  animals,  (who  are  apt  to  make  their  re- 
treat in  every  little  hole,)  Nature  hath  fecured  this 
palfage  (/),  with  a bitter  naufeous  excrement  (jii), 

afforded 

prevent  any  fubftance  from  getting  In,  which  might  happen  If  it 
were  ftraight.  It  is  likewlfe  furniflied  with  wax,  in  which  any 
infeft  attempting  to  penetrate  into  the  ear,  is  intercepted  and 
flicks  fall.” — Cicer.  de  Nat.  Dear.  1.  2.  c.  57. 

It  deferves  a particular  remark  here,  that  in  infants  in  the 
womb,  and  newly  bom,  the  meatus  auditorius  is  Ihut  up  very 
clofely,  partly  by  the  conllriftion  o'f  the  palfage,  and  partly  by  a 
glutinous  fubftance,  whereby  the  tympanum  is  guarded  againft 
the  water  in  the  fecundine,  and  againft  tlie  injuries  of  the  air  as 
foon  as  the  infant  is  born. 

(/)  It  is  remarkable,  that  In  moft.  If  not  all  animals,  whofc 
cars  are  tunnelled,  or  where  the  meatus  auditorius  Is  long  enough, 
to  afford  harbour  to  ear-wigs,  or  other  infefls  ; that,  I fay,  in 
the  ears  of  fuch,  ear-wax  is  conftantly  to  be  found.  But  in  birds, 
whofe  ears  are  covered  with  feathers,  and  where  the  tympanum 
lies  but  a little  way  within  the  hcull,  no  ear-wax  is  found,  be- 
caufe  none  is  necelfaiy  to  the  ears  fo  well  guarded  and  fo  little 
tunnelled. 

(ot)  The  ear-wax  was  thought,  by  the  old  anatomifts,  to  be 
an  excrement  of  the  brain  : Humor  hUiofus  a cerebro  expurgatus , — • 
“ A bilious  humour  purged  from  the  brain,” — the  Bartholines 
fay  of  it,  /.  3.  c.  9.  But  Schelhammer  well  obfeiwes.  Nil  ^5* 
furdius,  quam  cerebri  excrcmetitum  hoc Jlatuere,  Nam  ratio  nulla 
Juadet,  ut  in  cerebro  fieri  excrementum  tale  credamus  : — neque  via  pa- 
tent per  quas  ab  eo  feclufum  in  meatum  auditorium  pojfit  inde  pene- 
trare. — “ There  is  nothing  more  abfurd  than  to  fuppofe  this 
to  be  an  excrement  of  the  brain;  for  there  Is  no  reafon  to  be- 
lieve that  the  brain  produces  any  fnch  excrement ; nor-is  there 
any  courfe  by  which  it  could  find  its  way  from  the  brain  into 
the  auditory  palfage.”— As  to  its  tafte,  Cajeriits  gives  inllances 
of  its  being  fweet  in  fome  creatures..  .But  Schelhammer  hya, 
figo  verb  fiemper,  eum  amaritie  aliquid dulcedinis  in  illo  deprehendi. 
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afforded  from  the  glands  («)  appointed  for  that 
purpofe. 

From  hence  let  us  approach  the  mofl:  inward 
parts,  in  which  we  fliall  fee  flrokes  of  the  mofl  ex- 
quifite^  art.  To  pafs  over  the  innate  air,  that  mofl 
authors  talk  of  (0),  (becaufe  there  is  no  fuch,)  the 

palfage 

“ I have  [always  found  a little  fweetnefs  [along  with  its  bit- 
ternefs.” — Vide  Schel.  de  Audit,  p.  i.  c.  2.  feft.  lo.  But  I 
eould  never  diftinguifh  any  fweetnefs  in  It ; but  think  it  infipid 
mixed  with  a bitternefs. 

(n)  Ceriimina  amara  arteriolis  exudantia. — “ A bitter  waxy 
fubllance  exfuding  from  the  glands.”— de  Anim.  Brut. 
par.  I.  c.  14.  In  the  Jhin — are  little  glands,  <which  furnijb  0 
yelloiv  and  bitter  humour.  Monfieur  Dionis's  Dem.  18.  A* 
handfome  cut  of  thofe  glandule  ceruminoja  is  in  Dr.  Drake,  from 
Valfalva.  See  likewife  plate  D,  fig.  3.  (7). 

Pliny  attributes  a great  virtue  to  the  ear-wax  : Morfus  homi- 
nis  inter  afperrimos  numeratur  : medentur  fordes  ex  aurilus  : ac  ne 
quis  miretur,  etiam  fcorpionum  i&ibus  ferpentiumque Jlatim  impqfite.— 
“ The  bite  of  a man  is  reckoned  extremely  dangerous.  The 
cure  for  it  is  the  ear-wax,  and  what  is  more  extraordinary,  this 
fubftance  will  cure  even  the  fling  of  a fcorpion  or  ferpent.” — 
PJin.  Nat.  Hijl.  1.  28.  c.  4.  And  that  it  hath  an  healing  quality, 
and  may  be  accounted  a good  balfam,  I myfelf  have  experienced. 

(1!?)  That  there  is  fuch  a thing  as  the  innate  air,  {talked  of 
much  by  mofl  authors  on  this  fubjedl,)  Schelhammer  veiy  juflly, 
I think,  denies  ; . by  reafon  there  is  a paffage  into  the  inner  ear 
from  the  throat,  through  which  the  innate  air  may  pafs  out,  and 
the  outward  air  enter  in.  Vide  Par.  Alt.  p.  2.  c.  i.  fe£l.  10. 
When  by  flopping  our  breath,  and  flraiufng,  we  force  the  ex- 
ternal air  into  the  ear,  it  may  be  heard  rufliing  in  ; and  if  much 
be  forced  in,  it  may  be  felt  ulfo  to  beat  againfl  the  tympanum. 
When  the  paffage  to  the  throat  is  by  any  means  flopped,  as  by 
a cold  in  the  head,  i^c.  the  hearing  thereby  becomes  dull  and 
blunt ; by  reafon  the  communication  between  the  outward  and 

inward 
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paflage  to  the  palate  and  their  ufes,  with  divers 
other  curious  things  that  might  be  named ; let  us 
ftop  a little  at  the  part  containing  the  reft,  namely, 
the  bone  (jf).  The  particular  texture  and  hardnefs 

of 

inward  air  is  obftrudled  : but  when  by  ftrong  fwallowing,  or 
fuch  like  motion  of  the  throat,  the  paflage;  is  opened,  we  perceive 
it  by  a fudden  fmack  or  crack,  and  we  immediately  hear  very 
clearly ; the  load  of  feculent  air  being  at  that  time  difeharged 
from  the  inner  ear. 

It  is  a wife  provilion,  that  the  paflage  for  the  air  into  the  ear 
is  from  the  throat ; Ut  non  Jlatim  qu'mis  aer  externus  irrumpere 
queat  (as  Schelhammer  faith,  Pa7\  ult.  c.  4.  fed.  8.)  fed  nonnihil 
immutatus,  ac  temperatus,  calore  ex  medio  ventre  exfpirahte  ; imo  for- 
taffls  non  facile  alius,  nifi  ex  pulmonihus. — “ So  that  the  external 
air  cannot  immediately  find  entrance,  but  receives  a change 
and  temperature  from  the  heat  of  the  body,  and  muft,  perhaps, 
be  expired  from  the  lungs  before  it  gets  into  the  ear.” 

(/>)  Valfalva  hath  given  us  a more  accurate  defeription  of  the 
tula  Enjlachiana,  ox pajfage  to  the  palate,  than  any  other  author,  to 
whom  I therefore  refer,  De  Aur.  Human,  c.  2.  feci.  16,  ^c. 

The  chief  ufe  hereof,  he  thinks,  is  to  give  way  to  the  inner 
air,  upon  every  motion  of  the  membrana  tympani,  the  malleus,  in- 
£iis,  and  Jlapes.  This  paflage,  if  it  be  fliut  up,  deafnefs  enfues : 
of  which  he  gives  two  inftances  : one  a gentleman,  who  loll  his 
hearing  by  a polypus  in  the  nofe  reaching  to  the  uvula ; the 
other  a yeoman,  labouring  vVith  an  ulcer  above  the  left  fide  of 
the  uvula  ; which  when  he  ftopt  with  a tent  dipped  in  medicine, 
he  loft  his  hearing  in  the  left  ear,  and  recovered  it,  as  foon  as  the 
tent  was  out.  Ibid.  c.  5.  fe£l.  10. 

(yj  Os  [petrofiim]  ex  quo  Intcriorcs  [labyrinthi]  cavitatum 
parietes  conjlati  funt,  album,  duriffimum,  necnon  maxime  compadum. 
Id  autem  a Nature!  ita  comparatum  effe  videtur,  ut  materia  eetherea 
fonorum  objedorum  imprffionibus  onujla,  dum  preedidis  impingitur 
parletibus , nihil  aut  fedtem  fere  nihil  molus  fui  amittat,  alque  aelcb  il~ 
lum  qualsm  ab  objedis  fonorls  accepit,  talein  communicet  fpiritui  ani- 
mali  content 0 intra  expatflones  rami  mollioris  nervorum  asiris. — 

“ The 
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of  which,  above  other  bones  of  the  body,  is  very  re- 
markable j whereby  it  ferves  not  only  as  a fubftan- 
tial  guard  to  the  fenfory,  but  alfo  to  oppofe  the  im- 
pulfes  of  the  aetherial  matter,  that  there  may  be  no 
lofs  nor  confufion  in  the  found  ; but  that  it  may  be 
conveyed  regularly,  and  entirely  to  the  auditory 
nerves. 

The  next  part  I lhall  take  notice  of  may  be  that 
fine  membrane  called  the  tympanum^  or  manbrana 
tympani  (r),  with  its  inner  membrane  (j) ; together 

with 

“ The  bone  called  rock-bone,  of  which  the  Interior  partitions  of 
the  cavities  are  compofed,  is  white,  extremely  hard,  and  very 
much  compafted  ; wliich  feems  to  be  fo  formed  by  Nature,  that 
the  air,  while  impreffed  by  founds,  and  ftriking  upon  thefe 
walls  or  partitions,  may  lofe  fcarcely  any  thing  of  its  motion, 
and  thus  may  communicate  to  the  animal  fplrits  contained  within 
the  expanfions  of  the  fofter  branch  of  the  nerves  of  the  ear, 
the  fame  Impreflion  it  has  received  from  the  fonorous  objefts.” 
— Dr.  Raym.  V'leujftns  of  Montpellier,  in  Phil.  Tranf.  No.  258. 

(r)  The  tympanum  of  the  ear,  or,  as  Valfaha  and  the  modems 
term  it,  the  membrana  tympani,  was  taken  notice  of  as  early  as 
Hippocrates's  time.  In  birds,  it  is  ftrained  towards  the  outward 
parts ; in  other  animals,  towards  the  brain,  or  inner  parts. 
Monfieur  Dionis  faith.  It  is  not  equally  fajlened  to  the  'ushole  cir- 
cumference of  the  bony  circle,  in  which  it  is  inchafecl ; for  on  the  up- 
per Jule  it  hath  a free  difengaged  part,  by  which  fame  can  give  vent 
to  the  fmoke  in  their  mouth.  Demonftr.  8.  That  there  is  fome 
palfage  I doubt  not,  but  I quelllon  whether  Monfieur  Dionis 
ever  faw  the  difengaged  part  he  mentions.  I have  myfelf  care- 
' fully  fearched  divers  fubjefts,  and  do  not  remember  to  have  feen 
any  fuch  paflage  ; and  I perceive,  it  efcaped  the  diligent  Sthel- 
hammer’s  eye.  Valjnlva,  alfo,  by  lujefting  in  through  the  tuha 
■ Eujlachiana,  could  not  force  any  liquor  into  the  meatus  auditorius  ; 
but  yet  he  imagines  he  found  tlie  paflage  out  in  another  place  of 
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with  the  four  little  appendent  bones  (?),  and  the 
three  inner  mufcles  to  move  them,  and  adjull  the 

whole 

the  drum,  in  fdme  morbid,  and  one  found  bead.  V aJfalv.  de 

Aur.  Hum.  c.  2.  fea.  8.  Mr.  Conuper  alfo  affirms  there  is  a 
paffage  by  the  upper  part  of  tlie  membrane.  Anat.  Ap.  fig.  8. 

(j)  Dr.  Vieujfeus,  before-named,  difcovered  a membrane, 
tenulfftnue  rdreque  admodum  isxtum  \ntra  cavitatem  tympani, — ■ 
“ of  a very  thin  and  rare  texture  ■within  the  cavity  of  the  tym- 
panum,”— as  he  defcribes  ifr  . Whofe  ufe  he  faith  is,  I . Occludent 
lahyrintbi  jnnuam  impcdit  ne  naiuralts  puriffimus  ac  fuhtlUJJtmus  aer 
intra  cavitates — commuiiicationem — halcat  cum  aere  crajfo.  2 . La^ 
lyrinthi  bafin  calefacit,  &c.  nbifupra. — “ I.  By  clofingthe  ent-iy 
of  the  labyrinth  it  prevents  the  natural  pure  and  fubtle  air  within 
the  cavities,  from  having  any  com.munication  ivith  the  denfe  ex- 
ternal air.  2.  It  warms  the  bottom  of  the  labyrinth.”  Pro- 
bably this  double  membrane  may  be  fuch,  or  after  the  fame  man- 
ner as  it  is  in  the  tympanum  of  birds  : of  which  fee  my  obferva- 
tions  in  hooi  vii.  chap.  2.  note  {^d). 

(/)  The  four  little  bones  being  treated  of  by  all  that  have 
concerned  themfelves  about  this  fenfe  of  hearing,  fince  their 
difcovery,  I fhall  take  notice  of  only  two  things  concerning  thenv 
I . The  difcovery  of  them  is  owing  wholly  to  the  diligence  and 
fagacity  of  the  latter  ages;  of  which  Schelhammer  gives  this  ac- 
count from  Fallopius : Hoc  ojjicula  antiquis  anatomicis — ignota 
fuere ; primufque  qul  in  lucem  produxit  [malleum  & incudcm3 
fuit  Jac.  Carpei^is  ; primus  quoqiie  procul  omni  duhio  anatomic^ 
artis,  quam  Vejalius  pojlea  perfecit,  rejlauralor.  Fertium  [Stape- 
dem]  invenit  ac  promulgavit  primus  Joh.  Phil,  ah  Ingrajjia,  Sicu- 
lus, philofophus,  ac  medicus  doSijpmus.  ^tartum,  Fhomd  Bar- 
tholin. tejle,  viro  longe  celehcrrimo,  Fran.  Sylvia  dchetur.  Schel.  kZ-z 
fupra,  c.  3.  feft.  9. — Thefe  little  bones  were  unknown  to 
the  ancient  anatomifts.  The  firft  who  difcovered  the  malleus 
and  incus,  was  James  Carpenfis,  the  earliell  rcftorer  of  the  art 
of  anatomy,  w’hich  was  afterwards  perfefted  by  Vefalius.  The 
third  bone,  viz.  the  Jlapes,  was  firft  found  out  by  Joh.  Phil. 
*b  Ingraflia,  from  Sicily,  a learned  philofopher  and  phyficiijn. 
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whole  CQ}iipages  to  the  feveral  purpofes  of  hearing, 
to  hear  all  manner  of  founds,  loud  or  languid,  harfli 
or  grateful  (ji). 

From 

The  fourth,  as  Bartholin  informs  us,  was  difcovered  by  the 
celebrated  Fr.  Syh'ius.” — 2.  Their  difference  in  animals:  In 

marit  and  quadrupeds,  they  ate  four,  curioufly  inarticulated  with 
one  another ; with  an  external  and  internal  mufcle  to  draw  or 
work  them,  in  extending  or  relaxing  the  drum ; but  in  fonvls 
the  cafe  is  veiy  different : His  unum  ojiculum  folum  larglfa  ejl 
Natura,  quod  collumellam  forte  appellaveris  : teres  enim  ejl  Iff  fubti- 
liftmum,  haft  innitens  latsori,  rotunda.  Huic  adnexa  ejl  cartilag* 
■valde  mobills,  qua  in  tympanum  vidctur  termmari. — “ To  thefe 
Nature  has  given  only  one  lif-ie  bone,  which  we  may  term  colu- 
mella or  the  pilafter ; for  it  is  taper  and  flender,  refling  on  a 
broader  and  round  bale.  To  this  is  joined  a very  moVeablc 
cartilage,  which  feems  to  terminate  in  the  tympanum.” — Id.  ih. 
fe6l.  8.  In  the  ears  of  all  the  fowl  that  I could  examine,  I never 
found  any  more  than  one  lone,  and  a cartilage,  maling  a joint  with 
it,  that  was  eejily  moveable.  The  cartilage  had  generally  an  epi-^ 
phyfe,  or  two,  one  on  each  fide.  The  bone  was  very  hard  and fmall, 
having  at  the  end  of  it  a broad  plate,  of  the  fame  ftbfance,  very  thin^ 
upon  which  it  refed,  as  on  its  bafis.  Dr.  Al.  Moulen  in  Phil. 
Tranf.  No.  100. 

Thefe  are  the  moll  materia!  things  I find  obfen'ed  by  others, 
concerning  the  ears  of  fowls,  and  fome  of  them  hardly,  I be- 
lieve, obferved  before.  To  which  I fliall  fubjoin  fome  other 
things  I have  rayfelf  difcovered,  that  I prefume  efcaped  the 
eyes  of  thofe  mofl  curious  and  inquifitive  anatomifts.  Of  which 
the  lafl  cited  book  vii.  chap.  2.  note  [d). 

(u)  Videtur  quod  tympanum  auditionis  irfrumentum  preliminaref 
Iff  quaft  praparatorium  fuerit,  quod  foni  imprejftonem,  five  fpecies 
fenfbiles  primofufeipiens,  eas  in  debitd  proportione.  Iff  aptd  conformi- 
tate,  versus  fenforium,  quod  adhuc  interiiis  ftum  f,  dirigat  : fmili 
oficio  fungitur  refpeSu  audilus,  ac  tunica  oculi  pupillam  confituentes, 
refpedtii  visus  ; utraque  membrana  fpecies  fetf  biles  refringunt  quaf 

emalliunt,  eafque  fenforio  uon  n'f  proportionatas  tradunty  cui  nudo  f 

mdvenianly 
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From  this  region  of  the  tympanum^  I might  pafs 
to  that  of  the  labyrinth  and  therein  furvey  the 

curious 

advenlant,  tenerlorem  ejus  crnjhi  facile  laJant,  out  ohruant.  Jieverq 
tympanum  non  auJ't,  fed  meliori  tutiorique  auditioni  confevt.  Si  hac 
pars  deflruatur,  fenfw  adhuc  aliquamdiu,  redi  licet  modo,  peragi  pnf- 
Jit  ; quippe  experimento  olim  in  cane  faBo,  £5“ c.  fanitoris  ojicio  vl 
tympanum  rede  defungi  p(fjit,  expanfum  ejus  pro  data  occafione  flringi, 
aut  relaxari  dehet,  mduti  nimirttm  Oc  uli  pupilla — ^uapropter  huic 
auris  tympana ■>  non  fccus  ac  bellico,  machinte  five  tccnia  quadam  ap- 
ponuntur,  qiue  fuperfciem  ejus  modo  terfiorem,  modb  laxiorem  red- 
dant : hoc  enim  ficiunt  tria  qfficula,  cum  mufculo,  ^c. — “ The 
tympanum  appears  to  be,  as  it  were,  the  preparatory  inllrument 
of  found  ; becauie  receiving  firft  the  imprefiion  of  the  founds,  it 
tranfmits  them  in  due  proportion  and  apt  conformity  towards 
the  fenforium,  which  is  placed  farther  within.  It  performs  a 
fimilar  office  with  refpedl  to  hearing,  that  the  coats  of  the 
pupil  do  with  refpedl  to  fight.  Both  membranes  refradl,  and  as 
it  were,  foften  the  fenfible  impreffions,  and  tranfmit  them  juftly 
proportioned  to  the  fenforium,  which  would  be  hurt  by  their 
reachingit  at  once.  It  is  not  in  fadt  the  tympanum  which  hears  ; 
it  only  contributes-  to  the  fafe  tranfmiffion  of  the  founds.  Al- 
though that  part  vyere  dellroyed,  tnere  might  be  fome  fenfe  of 
hearing,  as  was  proved  by  an  experiment  on  a dog.  In  order 
that  the  tympanum  may  rightly  perform  the  office  of  a porter 
or  janitor  to  the  ear,  its  expanfe  muft  be  ftretched  or  relaxed  as 
thete  is  occafion,  in  the  fame  manner  as  the  pupil  of  the  eye : 
and  therefore  the  tympanum,  like  the  common  drum,  has  certain 
braces  which  llretch  or  llacken  its  furface  ; this  is  effeded  by 

three  fmall  bones  with  a —Willis  de  Anim.  BruU 

c.  14. 

For  this  opinion  of  Dr.  WiBs,  Dr.  Schelhammer  is  veryfevere 
upon  him,  deriding  the  refraftions  he  fpeaks  of;  and  therefore  feri* 
oufly  proves  that  they  are  the  humours,  not  tunics  of  the  eye,  that 
refraft  the  rays  of  light;  and  then  jeeringly  demandeth.  Whether 
the  fonorous  rays  arc  refraded  by  paffing  through  a different  me- 
dium? Whether  the  convexity  or  concavity  of  the  drum  colleft, 
Jliofe  rays  into  a focal  point,  or  fcatters  them  ? life.  And  then 
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curious  and  admirable  ftruclure  of  the  vejiibulum, 
the  fcmidrcular  canals  (.r),  and  cochlea  j particularly 

the 

faith,  Oh  has  ratlones  a clariJJ'vlri,  ac  de  re  medicd  praclare  mentis 
fententid  non  pojfnmus  non  ejfe  alienlores  ; in  quo  uti  ingenium  admiror, 
quoties  mcdicamentonim  vires,  aut  morborum  caufas  explicat,  Jic  ubi 
forum  fuum  egrejfus  philofophum  agit,  ac  vel partium  nfum,  vel  chy- 
micarum  rerum  naturam  fcruietur,  ejus  hand  femel  non  modo  judicium 
dfidero,  veriim  aliquando  ctiam Jidem. — “ For  thefe  reafons  I can- 
not help  differing  in  opinion  from  that  celebrated  man  and  ex- 
cellent phyfician  ; whofe  genius,  although  I much  admire  in  the 
explanation  of  the  power  of  medicines  and  the  caufes  of  difeafes, 
yet  when  he  goes  out  of  his  proper  department,  and  affumes  the 
character  of  philofopher  in  incpiiring  into  the  ufes  of  the  parts, 
or  atterr.pting  chemical  difeuffions,  I find  in  him  a want  of  judg- 
ment, and  fometimes  even  of  veracity.” — This  is  fo  fevere  and 
unjuft  a cenfure  of  our  truly  famous  countryman  (a  man  of 
known  probity)  that  might  deferve  a better  anfwer ; but  I have 
only  time  to  fay,  that  although  Dr.  Schelhammer  hath  outdone 
all  that  mote  before  him,  in  his  book  de  Audiiu,  and  fhewed 
himfelf  a man  of  learning  and  induftry  ; yet  as^our  countryman 
wrote  more  than  he,  (though  perhaps  not  free  from  errom  too,) 
fo  he  hath  manifefted  himfelf  to  have  been  as  curio  ns  and  faga- 
cious  an  anatomift,  as  great  a philofopher,  and  as  learned  and 
fkilful  a phyfician,  as  any  of  his  cenfurers,  and  his  reputation  for 
vei-acity  and  integrity  was  no  lefs  than  any  of  theirs  too.  But 
after  all  this  terrible  clamour,  Dr.  Schelhammer  prejudicately 
miftaketh  Dr.  Willis'^  meaning,  to  fay  no  worfe.  For  by  utraque 
membrana  refringunt.  Dr.  Willis  plainly  enough,  I think,  means 
no  more  than  a reftriftion  of  the  ingrefs  of  too  many  rays ; as 
his  following  explicatoiy  words  manifeft,  viz.  rfringunt,  ^ quaji 
tmoUiunt,  eafque  fenforio  non  nifi  proportionaias  trndunt ; “ blunt 

and,  as  it  were,  foften  the  fenlible  impreffions,  and  tranf- 
mit  them  juftly  proportioned  to  the  fenforiiun.”— But  indeed 
Dr.  Schelhammer  hath  fhewn  himfelf  a too  ngid  cenfor,  by 
making  Dr.  Willis  fay,  the  ear-drum  hath  fuch  like  braces  as  the 
Kuar-drum,  viz.  ^lod porrb  de  machinis  feii  tatiiis  iympani  bellia  ad- 
ducit,  dicilque  idem  in  tympana  audiioriocorifpici,  id prerfus falfJftmJm 
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the  artificial  gyrations,  and  other  fmgular  curiofi- 
ties  obfervable  in  the  two  latter. 

But 

eji. — “ Befides,  what  he  fays  of  the  braces  of  the  war-dium, 
affirming  that  there  are  tlie  fame  in  the  tympanum  of  the  ear,  is 
altogetlier  falfe.” — I wonder  Dr.  Schelhammer  did  not  alfo 
charge  Dr.  WiUis  with  making  it  a porter,  fince  he  faith  in  the 
fame  paragraph,  yanitoris  officio,  &c.  But  Dr.  Willises  mean- 
jng  is  plain  enough,  that  the  little  bones  and  mufcles  of  the  ear- 
drum do  the  fame  office  in  ftraining  and  relaxing  it,  as  the  braces 
of  the  war-drum  do  in  that.  And  confidering  how  curious  and 
folemn  an  apparatus  there  is  of  bones,  mufcles,  and  joints,  all 
adapted  to  a ready  motion  ; I am  clearly  of  Dr.  Willis'’ s opitikm, 
that  one  great  ufe  of  the  ear-drum  is  for  the  proportioning  founds, 
and  that  by  its  extenfion  and  retraftion,  it  cbrrefponds  to  all 
founds,  loud  or  languid,  as  the  pupil  of  the  eye  doth  to  feveral 
degrees  of  light ; and  that  they  are  no  other  than  fecondary  ufes 
affigiied  by  Dr.  Schelhavmer,  as  the  principal  or  foie  ufes  of 
keeping  out  the  external  colder  air,  duft,  and  other  annoyances  ; 
but  efpecially  that,  Ob  folius  aerts  interni  potyfimum  irrumpentix 
•vim,  hunc  motum  tympani  ac  mallei  ejfe  conditum,  nt  ceckre pr'imumy'' 
delude  Jlbi  rejlitui  queat ; — This  motion  is  .given  to  the  tympa- 
num and  malleus  chiefly  on  account  of  the  force  of  the  external ' 
air  in  rufliing  into  the  ear ; fo  it  is  capable  of  yielding  firfl;  to 
that  force,  and  then  reftoring  itfelf — as  his  words  are,  P.  ult, 
c-  6.  feft.  13. 

It  was  no  improbable  thought  of  Rohault,  Nos  attentos  pra- 
lere,  nil  aliud  ejl,  nift  tympanum,  nbi  ita  opus  ejl  fa8o,  contendere 
autlaxare,  & operam  dare  ut  illud  in  ed  pofitione  intentum  Jlei,  in 

qua  tremulum  'acr  'ts  externi  motum  commod'tfjime  excipere  pojfit 

« When  we  liften  attentively,  it  is  nothing  elfe  than  ftretching 
or  relaxing  the  tympanum,  according  to  the  exigency,  and  thus 
keeping  it  in  that  ftate  in  which  it  can  moft  conveniently  receive 
the  motion  of  the  external  zn.”—Roh.  Rhyf  p.  i.  c.  26.  fed, 
48.  . ’ 

The  hearing  of  deaf  perfons  more  eafily  by  means  of  loud 
poiks,  IS  another  argument  of  the  ufe  of  the  ftraining  or  relaxa- 
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But  I fhall  not  expatiate  on  thefe  reclufe  parts ; 
only  there  is  one  fpecial  contrivance  of  the  nerves 

miniilering 

tion  of  the  tympanum  in  hearing.  Thus  Dr.  Willis  (ubi  fupra) 
Accepi  olim  a viro  Jide  digno,fe  muUerem  no’vijfe,  qua  licet  furda  fue- 
rit,  quoufque  tamen  intra  conclave  tympanum  pulfarelur,  verha  quavis 
dare  audiebat : quare  maritus  ejus  tympaniftam  pro  fervo  domejlico 
tsnducebat,  ut  illius  ope^  colloquia  interdum  cum  uxore  fud  haheret. 
Uliam  de  alio  furdajlro  mihi  narratum  ejl,  qui  prope  campanile  de- 
gens, quoties  una  plures  campana  refonarent,  vocem  quamvis  facile 
audire,  itf  non  alias,  potuitJ — “ I was  informed  by  a perfon  of 
credit  that  he  knew  a woman  who  was  deaf,  yet  could  dillinftly 
hear  any  words  that  w'ere  fpoken  while  a drum  was  beating  in 
the  chamber:  and  that  her  hufband  on  that  account  kept  a 
drumtner  for  his  fervant,  that  he  might  thus  hold  converfations 
with  Ins  >vife.  I have  been  told  likewife  of  a perfon  who  was 
fomewhat  deaf,  who,  living  in  the  neighbourhood  of  a belfry, 
could  diftinAly  hear  any  one  fpealcing,  while  feveral  bells  were 
ringing  together,  but  not  at  any  otlier  time.” — 

Abjeffo  mufculo  [pfoceflus  majorls  malleij  in  reeenti  aure,  relax- 
miur  [tymjiani  membrana.] — “ When  the  mufcle  is  cut  out 
(the  procefs  of  the  larger  malleus)  in  a frefli  ear,  the  membrane 
of  the  tympanum  is  flackened.” — Valfalv.  d^  Ai{r.  Hum.  c.  2. 
fedl.  5. 

Upon  confidering  the  great  difference  In  authors’  opinions 
about  the  ufe  of  the  parts,  and  manner  how  hearing  Is  performed, 
as  alfo  what  a curious  provifion  there  Is  made  in  the  ear,  by  the 
four  little  bones,  the  mufcles,  membrane,  idc.  I was  minded 
(fince  I penned  this  note)  to  make  inquiry  myfelf  into  this 
part,  and  not  to  rely  upon  authority.  And  after  a diligent 
fearch  of  various  fubjc(^s,  I find  we  may  give  as  rational  and 
eafy  an  account  of  hearing,  as  of  feeing,  or  any  other  fenfe ; as 
I have  (hewn  In  my  lafl  cited  note  {d),  booh  vll.  chap.  2.  \rith 
relation  to  birds.  And  as  to  men  and  beafts,  the  cafe  Is  the 
fame,  but  the  apparatus  more  complex  and  magnificent.  For 
whereas  in  birds,  the  auditory  nerve  is  affefted  by  the  impreffions 
made  on  the  membrane,  by  only  the  intermediacy  of  the  collumclla  \ 
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miniflring  to  this  fenfe  of  hearing,  which  mufl:  not 
Jbe  pafled  by  j and  that  is,  the  branches  of  one  of 

the 

in  man,  it  is  done  by  the  intervention  of  the  four  little  bones, 
with  the  mufcles  afting  upon  them  ; his  hearing  being  to  be  ad- 
julled  to  all  kinds  of  founds,  or  imprellions  made  upon  the  mem- 
brana  tympani.  Which  impreffions  are  imparted  to  the  auditory 
nerve,  in  this  manner,  vi%.  Firft  they  aft  upon  the  membrane  and 
malleus,  the  malleus  upon  the  incus,  and  the  incus  upon  the  os  or- 
biculare  and  Jlapes  ; and  the  Jlapes  upon  the  auditory  nerve  : for 
the  bafe  of  the  Jlapes  (the  feme  as  the  operculum  In  birds)  not 
only  covers  the  JenJlra  ovalis,  within  which  the  auditory  nerve 
lleth,  but  hath  a part  of  the  auditory  nerve  fpread  upon  it  too. 
It  is  manifeft  that  this  is  the  true  procefs  of  hearing  ; becaufe  If 
the  membrane  be  moved,  you  may  fee  all  the  bones  move  at  the 
fame  time,  and  work  the  bafe  of  the  Jlapes  up  and  down  in  the 
fenejlra  ovalis,  as  I Ihewed  in  this  chapter,  note  [d),  concerning 
the  mole.-,  and  as  it  may  be  feen  in  other  ears  carefully  opened,  if 
the  parts  remain  in  fitu, 

( w)  I do  not  confine  the  labyrinth  to  the  canales  femicirculares^ 
or  any  other  part,  as  the  elder  anatomifts  feem  to  have  done,  who 
by  their  erroneous  and  blind  defcriptions  feem  not  well  to  have 
underftood  thefe  parts  ; but  with  thofe  much  more  curious  and 
accurate  anatomifts,  Monfieur  de  Fernay,  and  Dr.  Valfalva  ; un- 
der the  labyrinth,  I comprehend  the  Canales  femicirculares,  and 
the  cochlea,  together  Avith  the  intermediate  cavity,  called  by 
them  the  vejlibulum. 

(»)  In  femicircular  canals,  two  things  deferve  to  be  noted. 

I . That  the  three  canals  are  of  three  diffeicnt  fizes,  major,  mi* 
nor,  ^nd  mirdmus.  2.  Although  in  different  fubjefts,  tliey  arc 
frequently  different ; yet  In  the  fame  fubjeft  they  are  conftantly 
the  fame.^  The  reafon  of  all  which,  together  with  their  ufcs, 
V alfalva  ingenioufly  thinks  Is,  that  as  a part  of  the  tender  auditory 
nerve  is  lodged  in  thefe  canals,  fo  they  are  of  three  fizes,  tJie 
better  to  fuit  all  the  variety  of  tones ; fome  of  the  canals  fufting 
fomc,  and  others,  other  tones.  And  although  there  be  fomc 
difference  as  to  the  length  and  fize  of  thefe  canals,  in  different 
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the  auditory  nerves  ( ;/),  fprcad  partly  to  the  mufcles 
of  the  ear,  partly  to  the  eye,  partly  to  the  tongue 
And  inftruments  of  fpeech,  and  inofculated  with 
the  nerves  to  go  to  the  heart  and  breaft.  By 
which  means  there  is  an  admirable  and  ufeful  con- 
fent  between  thefe  parts  of  the  body ; it  being  na- 
tural for  moil  animals,  upon  the  hearing  any  un- 
couth found,  to  ere£t  their  ears,  and  prepare  them 

perfons  ; yet,  left  there  ftiould  be  any  difcord  in  the  auditory  or- 
gans of  one  and  the  fame  man,  thofe  canals  are  always  in  exaft 
conformity  to  one  another  in  one  and  the  fame  man.  V.  Val- 
fal.  ubi  fupr.  c*  3.  feft.  7.  and  c.  6.  feft.  4.  9. 

(y ) Hit  pojlerior  nervus  extra  cranium  delatus,  in  tres  ramos  dir 
vidthn'i  qtii  omites  motilus  patheticis — inferviunt.  Primus — muf- 
etilis  aurts  impenditur.  Proculdubio  hujtis  aBione  e_fficUur,  ut  anima- 
iia  qnavis,  a fubito  fotii  impuifu,  atires,  quajt  fonum  nimis  citb  tran- 
Jtuntem  captaturas  erigant.  Ramus  alter — verfus  utrumque  oculi 
angulum  furculos  emittit : qui  mufculis  palpebrarum  attollentibus  in-, 
feruntur ; quorum  certe  munus  ejl  ad  fubitum  font  appulfum  oculos 
ronfiflim  aperire,  eofque  velut  ad  excubias  nsocare.  Pertius — ramus 
•verfus  lingua  radicem  defcendcns,  mufculis  ejus  Iff  qfis  hyoeideos  dt- 
flribuitur,  adebque  organa  quadam  vocis  edaida  aBuat,  iffc. — 
“ This  laft  nerve  palling  without  the  Ikull,  is  divided  into  three 
branches,  which  are  all  fubfervient  to  fympathetic  motions.  The 
firft  of  them  is  connefted  with  the  mufcles  of  the  ear,  and  by  its 
action  all  animals,  upon  any  fudden  impulfe  of  found,  ereA  tlieir 
ears,  as  if  to  catch  at  it  while  quickly  palling  over  them.  TK« 
fecond  branch  fends  out  little  fibres  towards  the  comer  of  each 
eye,  which  are  inferted  in  the  mufcles  that  raife  the  eye-lids, 
and  it  is  certainly  their  office  to  open  the  eyes  upon  a fudden 
impulfe  of  found,  and  as  it  were  fummon  them  to  be  upon  the 
watch.  The  third  branch,  defeending  towards  the  root  of  the 
tongue,  is  diftributed  ip  its  mufcles  and  in  thofe  of  the  os 
hyoeides,  and  fo  aftuates  fomc  of  the  organs  of  fpeech.”— 
iViJlis’s  Cereb.  Anat.  c.  1 7. 


to 


Fig.I.Thc  three  concentiic  circles  represent  the  coats  of  the  JSj'e  Jlie  oiMmrd/  called 
Sclerotica , becomes  more  convex  ot  ATTR,  (c  ibrms  the  Coinea.  The  middle  oval  is  termed 
the  TTvea,  of  which  the  cent/nl  pare  bcity  dbtvus  is  tavted  the  Iris,  the  aperture  JK  bei/i^ 
the  pupil. The  inward  coat  when  it  is  attached  to  the  inside  of  the  aystalline  humour  or 
lens  E F,  if  adled  the  dgamcnnwi  ciliare.The  cavi^'ASUdS  is  fUlcd  with  die  aqueous  hmnour. 
and  tho ehamberH^lAYY.  is  Med.  with  the  vitreous  humow,.dtl&  is  inserted  the  optic 
Nerve,  the  eipans  ion  of  which  DN&  is  fficletina. 

Fia.2.Shews  the  eyeball  with  its  muscles,  v^the  optic  nervelo  the  musculus Trochlean's.z  part 
of  the  os  tivntis  to  which  the  trochlea  orpullv  is  tired  thromh  which  Athe  tendon  of  the 
trodilearis pq/ses.e  dltollens  oeuli.f  adduetor  oculi.<g ed>ductor  oculi .^cobliquus  inferior, 
part  of  the  superior  tmodllan'  bone  to  which  iris  ti.ixd . 

Fip..'i.J7ie  interior  parts  of  the  Ear.  tclhe  mailous.A.the  inrus.c  the  Membtana  fynipani 
\to.theEnsTachian  tube  coveted  by  part  of  if  .the  m/isridus  cirrumfle.rus  palati.\.2.3. 
the  three  Semicircular  canals.  \ Thc  vcstiMe.S.thc  Cochlea. 6 the  portio  mollis  of  theP 
.seventh  pair  of  Nerves.  jThr  Glands  that  sccrofc  the  F,ar  na.\\ 

Ftp.  p.Eye  of  Birds  See  p:  Fit].  S.  See  p. 
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to  catch  every  found ; to  open  their  eyes  (^thofe 
conftant  faithful  centinels)  to  fland  upon  their 
watch  ; and  to  be  ready  with  the  mouth  to  call  out, 
or  utter  what  the  prefent  occafion  fhall  diftate. 
And  accordingly  it  is  very  ufual  for  mofh  animals, 
when  furprifed  and  terrified  with  any  noife,  pre- 
fently  to  lliriek  and  cry  out. 

But  there  is  befides  this,  in  man,  another  great 
ufe  of  this  nervous  commerce  between  the  ear  and 
mouth ; and  that  is,  (as  one  of  the  bell  authors  on 
this  fubjeft  exprelfeth  it  (2),)  « That  the  voice 
‘‘  may  correfpond  with  the  hearing,  and  be  a kind 
of  echo  thereof,  that  what  is  heard  with  one  of 
‘ the  two  nerves,  may  be  readily  exprefled  with 
the  voice,  by  the  help  of  the  other:*  • 

^ Thus  much  lhall  fuffice  to  have  Ipoken  concern- 
ing the  organ.  Let  us, 

II.  Take  notice  of  the  objeB  of  this  admirable 
found-,  and  fo  conclude  this  chapter. 
1 ihall  not  here  enquire  into  the  nature  and  proper, 
ties  of/oKBif,  which  is  in  a great  meafure  intricate, 
and  hath  puzzled  the  bell  naturalifts : neither  Ihall 
1 mew  how  this  admirable  effeS  of  the  divine  con- 
tnvance,  may  be  improved  to  divers  ufes  {aa)  and 

purpofes 


(*)  Hujufmodi  nervorum  conformatlo  In  homine  ufum  alium  in- 

name^  th  f H remarkable  ufe, 

amely,  that  the  voice  may  correfpond,  Scc,»~ims,  ibid.  ' 

ployed  founds,  wc  may  reckon  the  inftruments  ufeful  m convo- 
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purpofes  in  human  life ; but  my  bufmefs  will  be  to 
fhew  that  this  thing,  of  fo  admirable  ufe  in  the 

animat 


eating  afTemblies,  managing  armler,  and  many  other  occafions*  | 
•wherein  bells,  trumpets,  dnims,  horns,  and  other  founding  inftru-  « 
ments  are  ufed ; the  particularities  of  which  it  would  be  tedious  f 
to  recount : as  that  the  biggeft  bell  in  Europe  is  reckoned  to  be 
at  Erfurt  in  Germany y which  they  fay  may  be  heard  twenty-four 
miles  ; with  much  moye  to  the  fame  purpofe.  I fhall  therefore 
only  for  a fample  take  notice"'of  the  fpeaking-trumpet ; the  inven- 
tion of  which  is  commonly  aferibed  to  our  eminent  fir  Samuel 
Morland ; but  was  more  probably  Ath.  Kirchet^B ; at  leaft  he 
had  contrived  fuch  an  inftrument,  before  fir  Samuel  hit  upon  his. 
Kircher  in  his  Phofiurg.  faith.  The  tromba  publiflied  laft  year  ii» 
Englaiidy  he  had  invented  twenty-four  years  before,  and  publiflied 
his  Mufurgia ; that  fac.  Albanus  Chibbejtus  and  Fr.  Efchin- 
aTdus  aferibe  it  to  him ; and  that  G.  Schottus  teftifieth  he  had 
fuch  an  inftrument  in  his  chamber  in  the  Roman  college,  with 
which  he  could  call  to,  and  receive  anfwers  from  the  porter. 

And  confidering  how  famed  Alexander  the  Great's  tube  was, 
which  is  faid  might  be  heard  loo  Jladia,  it  is  fomewhat  ftrange 
that  nobody  fooner  hit  upon  the  invention.  Of  this  Jlentoropho- 
mc  horn  of  Alexander,  there  is  a figure  preferved  in  the  Vatican, 
■fvhich  for  curiofity  fake,  I have  from  KircBer  reprefented  in 
< Plate  L,  fig.  6.  He  faith  its  diameter  was  five  cubits,  and  that 
it  was  fufpended  on  a fupporter. 

For  the  make  of  the  /peaking  trumpet,  and  the  reafon  why  it 
magnifies  founds,  I (hall  refer  to  Kircher ; efpecially  to  fir  Sa- 
muel MorlancVs  tuba JlentoropBonica,  pubh'flied  in  1672. 

Kircher  faith,  he  took  one  of  thefe  trumpets  of  fifteen  palms 
length,  along  with  him  to  the  Mans  Eujlachianus,  -w’here  he  con- 
Tocated  2200  perfons  to  prayers,  by  means  of  the  unufual  found, 
at  two,  three,  four,  and  five  ItaTian  miles  diftancc.  See  Plate  L, 
fig.  7. 

With  thefe  lelloniung-ti'umpets,  I fliall  join  fome  bellomjtng-ea’i'et 
the  reader’s  diverlion.  01.  Magnus  deferibes  a cave  in  Fin- 
land, near  Viburg,  called  Smellen,  into  which,  if  a dog,  or  otlier 
fiving  creature  be  call,  it  feuds  forth  fo  dreadful  a found,  that  it 
1 1 knocks 
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animal  world,  Is  the  work  of  God.  And  this  will 
appear,  let  the  fubjeft  matter  of  founds  be  what  It 
will ; either  the  atmofphere  (bb')  in  grofs,  or  the 

gstherial 

knocks  down  eveiy  one  near  It.  For  which  reafon  they  have 
guarded  the  cave  wu’th  high  walls,  to  prevent  the  mifchiefs  of  its 
nolfe.  Vide  01.  Magn.  Hijlor.  1.  ii.  c.  4.  Such  another  Peter 
Martyr  faith  is  in  Hifpaniola,  which,  with  a fmall  weight  call 
into  it,  endangers  deafnefs  at  five  miles  diftance.  And  in  Sivit  • 
zerland,  Kircher  faith,  In  the  cucumer-mountain  is  a pit  that  fends 
out  both  a dreadful  noife  and  a great  wind  therewith  ; and  that 
there  is  a well  in  his  country  3000  palms  deep,  whofe  found  is 
equal  to  that  of  a great  gun.  Vide  Kirch.  Phonurg. 

01.  Magnus  fpeaking  of  the  vaft  high  mountains  of  a nor- 
thern province,  called  Jlngermannia,  faith,  Ubi  bajes  eorum  i/p 
profundiffimo  gurgite  Jlantes^  cafu  altquo,  vel propojito  nautm  accef- 
ferint,  tantum  horrorem  ex  altd  Jlu&itum  collijlone  percipiunt,  tit  nifi 
pracipiti  remlgio,  aut  valido  vento  evaferint,  folo  pavore  fere  exani- 
mes fant,  midtoque  dierum  curi'iculo,  ob  capitis  turbationem,  prijlhus 
mentis,  ilf  fafiitatis  compotes  vix  evadant.  Habent  bafes  illorum 
montium  in  JluBuum  ingrejfu  regrejfu  tortuofas  rimas,Ji’ve  JciJfurasy 

fatis  Jlupendo  natura  opificio  fabricatas,  in  quibus  longa  ’uoragine 
formidabilis  Hie  fonitus  quefi  fubterraneum  tonitru  generatur. — “ If 
any  failors  fliould  chance  to  approach  the  bafes  of  thofe  moun- 
tains which  ftand  in  the  midft  of  a deep  gulph,  they  are  ftruck 
with  fuch  horror  from  the  prodigious  dalhing  of  the  waves,  that 
unlefs  they  efcape  by  quick  rowing,  or  by  the  wind  favouring 
them,  they  become  ftupified  with  fright,  and  fcarcely  recover 
their  fenfes  or  former  health.  The  bafes  of  thofe  mountains 
have  many  winding  cavities,  ftupendoufiy  formed,  from  wdiofe 
deep  recefies  iflues  a dreadful  found  like  fubterraneous  thun. 
der.” — 01.  Magn.  1.  2.  c.  4,  See  alfo  chap.  12. 

(bb)  That  the  air  is  the  fubjeft,  or  medium  of  found,  is  ma- 
nlfeft  from  the  experiments  in  rarefied'  and  condenfed  air.  In 
an  unexhaufted  receiver,  a fmall  bell  may  be  heard  at  the 
diftance  of  fomc  paces ; but  when  exhaufted,  it  can  fcarce  be 
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lEtherial  part  thereof,  or,  foniferous  particles  of  bo- 
dies, as  fome  fancy,  or  whatever  elfe  the  philofo- 

phers 

heard  at  the  neareft  dillance  : and  if  the  air  be  comprefTed,  the 
found  will  be  louder,  proportionably  to  the  compreffion  or 
quantity  of  air  crouded  in,  as  I have  often  tried  myfelf,  and  may 
be  feen  in  Mr.  Hawh/bee's  curious  experiments,  p.  97.  Alfo 
his  experiments  in  Phil.  Tranf.  No.  321. 

Neither  doth  this  fucceed  only  in  forced  rarefaftions  and 
condenfations  of  the  air,  but  in  fuch  alfp  as  are  natural ; as  Is 
evident  from  David  Fradlichivs  in  Varenius,  upon  the  higheft 
eminencies  of  Carpathus^  near  Kefmarcht  in  Hungary.  The  ftory 
of  Fradlichius  Is  this.  Ego  menfe  yunii  1615.  turn  adolefccns,  fubr 
lirnitatem  horum  montium,  cum  dupbus  comitibus  fcholaribus,  expcriri 
volens,  ubi,  cum  in  prima  rupis  vcrtice,  magno  labore,  me  fummum 
tcrminum  ciffecuium  ejfe  putarem,  demum  Jefe  obtulit  alia  multo  altior 
cautes,  ubi  pervci/l a eaque  vacillantia  faxa  (quorum  unum,  ft  loco  a 
viatore  dimovetur — aliquot  centena — rapit,  fs”  quidem  tanto  cum  fra- 
gore,  ut  illi  metuendum  fit  ne  totus  mons  corruat,  eumque  obruat) 
enixus  ejfem,  iterum  alia  fublimior  prodiit,  &c.  donee  fummo  vita  pe- 
riculo  ad  fupremum  cacumen  penetraverim.  Ex  declivioribus  mon- 
tibus  cum  in  fubjeSas  vallcs, — nil  nifi  obfeuram  no8em,  aut  caruleum 
quid,  itiftar  profundi  a'eris,  quod  vulgb  nudum,  ccelum  appellatur,  ob- 
fervare  potui  mihique  videbar,  ft  de  monte  caderem,  non  in  terrain, 
fed  re8e  in  caluni  me  prolapfurum»  Nimia  enim  declivUate,  fpeciei 
vfibiles  extenuate  hebetate  fuerunt.  Cum  verb  altiorem  montem 
peterem,  quaft  intra  nebulas  denfffimas  hereham—Et  cum  non  procul 
d fummo  vertice  ejfem,  de  fublimi  quiefeens  profpexi  iff  animadverti 
iis  in  locis,  ubi  mihi  antea  videbar  intra  nebulas  hefiffe^  compaSas  at- 
que  albas  fefe  movere  nubes,  fupra  quas,  pet:  aliquot  mdliaria,  iff  ul- 
tra terminos  Sepuf  commodus  mihi  profpedus  patuit.  Alias  tamen 
ttiam  nubes  altiores,  alias  item  humiliores,  necnon  quafdam  equaliter  a 
terra  diflantes  vidi.  Atque  hinc  tria  inlellexi,  I.  Ale  turn  tranji- 
viffe prineipium  media  aeris  regionis.  2.  Dijlantiam  nubium  a terra, 
non  effe  equalem.  3.  Diflanliam  nubium — non  72  mill.  Ger.  ut 
qnidam — fed  tantnm  dimidiatum  mill.  Ger.  In  fummum  montis  ver- 
tiam  cum  perven'fem,  adeb  tranquillum  i^  fubtilem  a'crem  ibi  qffendi. 
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phers  may  think  it.  For  who  but  an  intelligent  being, 
what  lefs  than  an  omnipotent  and  infinitely  wife 

God 

ui  ne  pUi  quidem  mofutn  fentirem,  cum  tamen  hi  JepreJJiorihus  ventum 
vehementem  expertus  Jim  : unde  colleji  fnmnuim  cacnmm  iflius  month 
Carpaihtci  ad  mill.  Ger.  a radicibus  fuls  imis  exfurgere.,  iff  ad  fu~^ 
premum  vfque  ai'rh  reglonem,  ad  quam  veati  non  afcendant,  pertin- 
gere.  Exploji  in  ea  fummitatc  fclopefum  : quod  non  majorem  Jonl- 
ium  primb  pra  fe  fulit,  quam  fi  ligillum  <vel  bacillpm  confregifem  ; 
pojl  intervaljum  autem  temporh  murmur  prolixitm  hivaluit,  infeii- 
orefque  month  partes,  convalles  iff  fyhas  opplevit.  Jf)efcendendo 
per  nives  annofas  intra  convalles,  cum  iterum  fclopefum  f.xonerarem^ 
major  iff  horribillor  fragor,  quam  ex  tormento  capacijjimo  inde  exo- 
riebatur : hinc  vcrehar  ne  totus  mons  concujjus  mecum  corruerct ; 
duravitque  hie  /onus  per  femiquadrantem  bora  ufque  dum  abfirujjfi- 
mas  cavernas  penetrdjjet,  ad  quas  a'er  undique  mulliplicatus  refditt.—r 
In  bh  celjs  montibus,  plerumque  ningit  grandinatve  media  eejlate,  quo-, 
ties  nempe  in  fubjeSld  iff  vicinci  planitie  pluit,  uti  boc  ipfum  expertus 
fum.  Nives  diverforum  annorum  ex  colore  Sff  cortice  duriore  dig- 
nofci  pojfunt. — '\ATIien  I was  a youth,  having  in  June  1615  a 
defire  to  explore  the  height  of  thofe  mountains,  I afcended  to- 
gether with  two  of  my  fchool-fcllows  ; and  when,  with  much  la- 
bour, I had  got  to  the  top  of  the  lirll  rock,  and  believed  myfelf 
at  the  Jummit  of  all,  there  appeared  another  much  higher,  and 
covered  with  large  and  loofe  Hones,  any  one  of  which  being 
moved,  would  carry  fome  hundreds  along  with  it,  with  fuch  a 
noife  as  if  the  whole  mountain  were  tumbling.  Having  gained 
this  afeent,  another  and  another  ftill  appeared ; till  at  length, 
w'ith  infinite  labour  and  imminent  danger  of  my  life,  I reached  the 
top  of  all.  When  from  thefe  afpiring  cliffs  I looked  down  into 
the  valleys  below,  t-he  appearance  was  like  that  of  dark  ni^ht,  or 
like  that  deep  blue  expanfe  of  air  which  we  call  the  llcy  : and  I 
thought  that  if  I Ihould  fall,  I flipuld  drop  into  the  Iky,  and  not 
down  to  the  earth : for  the  v&ble  objedls  from  the  prodigious 
height  were  totally  blended  and  confufed  in  one  undillinguilhed 
prafs.  But  having  afcended  yet  a higher  mountain  I came  into 
thick  clouds,  and  there  fitting  down  at  a little  diftance  from  the 
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God  could  contrive,  and  make  fuch  a fine  body, 
fuch  a medium,  fo  fufceptible  of  every  impreflion, 

that 


fummit,  I looked  around  me  and  obferved  the  denfe  white  clouds 
in  motion  below,  and  over  thefe  I had  a clear  and  moft  exten- 
five  profpeft  for  many  miles  beyond  the  boundaries  of  the  coun- 
try of  Sepufum.  I faw  likewife  fame  clouds  higher,  fome 
lower,  and  fome  in  the  middle  fpace  between  me  and  the  earth. 
And  hence  I drew  three  conclufions.  i.  That  I had  paffed 
the  beginning  of  the  middle  region  of  the  air.  2.  That  the 
diftance  of  the  clouds  from  the  earth  is  not  always  the  fame. 
3.  That  their  diftance  is  not,  as  fome  have  afferted,  about  7? 
German  miles,  but  only  half  a German  mile  from  the  earth. 
When  I had  come  to  the  top  of  the  mountain,  ■ I found  the 
air  fo  tranquil  and  fo  fubtile,  as  not  to  give  motion  to  a hair, 
although  in  the  lower  regions  I had  found  the  wind  very  high ; 
whence  I concluded  that  the  higheft  fummit  of  mount  Carpa- 
thus  rifes  about  a German  mile  from  its  bafe  into  the  upper  re- 
gion of  the  air,  where  the  winds  never  reach.  I fired  a piftol 
upon  the  top,  which  at  firft  made  no  greater  nolfe  than  if  I had 
broken  a fmall  ftick  ; but  after  a while  there  was  a long  continued 
murmur  from  below,  rifing  from  the  valleys  and  the  woods 
which  covered  the  lower  part  of  the  mountain.  On  coming 
down  through  the  old  beds  of  fnow  into  the  valleys,  I fired  an- 
other piftol,  and  there  enfued  a great  and  horrible  noife,  as  from 
thelargeft  cannon, fo  that  I was  afi-aid  the  whole  mountain  would 
have  fallen  upon  me  ; and  this  found  lafted  for  half  a quarter  of 
an  hour,  till  it  had  penetrated  into  the  innermoft  caverns,  whence 
it  was  echoed  back  in  every  direflion,  On  thefe  high  moun- 
tains it  generally  hails  or  fnows  at  mldfummer,  whenever  there 
is  rain  in  the  lower  regions,  as  I found  by  experience.  The 
fnows  of  different  years  may  be  diftinguiflied  by  their  colour 
and  more  indurated  furface.” — Varen.  Georg,  Gen.  1.  i.  c.  19. 
prop.  ult. 

The  ftory  being  diverting,  and  containing  divers  things  re- 
markable, I have  chofen  to  note  the  whole  of  it  ( although  fome- 
vhat  long)  rather  than  fingle  out  the  paffages  only  which  relate 
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that  the  lenfe  of  hearing  hath  occafion  for,  to  em- 
power all  animals  to  exprefs  their  fenfe  and  mean- 
ing to  others  ; to  make  known  their  fears,  their 
wants,  their  pains  and  forrows  in  melancholic 
tones  ; their  joys  and  pleafiires  in  more  harmonious 
notes  j to  fend  their  minds  at  great  diftances  (cc), 

* in 

to  the  dimini/hing  the  found  of  his  piftol,  by  the  rarity  of  the  air 
at  that  great  afcent  into  the  atmofphere ; and  the  magnifying 
the  found  by  the  polyphonifms  or  repercuffions  of  the  rocks, 
caverns,  and  other  phonocamptick  objefts  below  in  the  mount. 

But  ’tis  not  the  air  alone  that  is  capable  of  the  impreffions 
of  found,  but  the  water  alfo,  as  is  manifeft  by  ftriking  a bell  un- 
der water,  the  found  of  which  may  plainly  enough  be  heard, 
but  it  is  much  duller,  and  not  fo  loud  ; and  it  is  alfo  a fourth 
deeper,  by  the  ear  of  fome  great  judges  in  mufical  notes,  who 
gave  me  their  judgments  in  the  matter.  But  Merfenne  faith,  a 
found  made  under  water,  is  of  the  fame  tone  or  note,  if  heard 
under  water ; as  are  alfo  founds  made  in  the  air,  when  heard  un- 
der water.  Vide  Merfen.  Hydraul. 

Having  mentioned  the  hearing  of  founds  under  water,  there  ii 
another  curiofity  worth  mentioning,  that  alfo  farther  proves  wa- 
ter to  be  fufceptible  of  the  impreffions  of  found,  viz.  Divers  at 
the  bottom  of  the  fea  can  hear  the  noifes  made  above,  only  cpn- 
fufedly.  But,  on  the  contrary,  thofe  above  cannot  hear  the  di- 
vers below.  Of  which  an  experiment  was  made,  that  had  like 
to  have  been  fatal : one  of  the  divers  blew  an  horn  in  his  diving- 
bell,  at  the  bottom  of  the  fea ; the  found  whereof  ( in  that  com- 
prelTed  air)was  fo  very  loud  and  irkfome,  that  it  llunned  the  diver, 
and  made  him  fo  giddy,  that  he  had  like  to  have  dropt  out  of  his 
bell,  and  to  have  been  drowned.  Vide  Sturmll  Colleg.  Cur,  vol.  ii. 
Tentam.  l. 

{cc)  As  to  the  diftance  to  which  found  maybe  fent,  having 
^ome  doubt,  whether  there  was  any  difference  between  the  nor- 
thers 
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in  a fiiort  time  (dd),  in  loud  boatioiis ; or  to  ex- 
prefs  their  thoughts  near  at  hand  with  a gentle 

' voice, 

them  and  fouthern  parts,  by  the  favour  of  my  learned  and  illuf' 
trious  friend  fir  Netiry  Newton,  her  late  majeily’s  envoy  at  Flo- 
rence, I procured  fome  experiments  to  be  made  for  me  in  Italy. 
His  moft  ferene  highnefs  the  Great  Duke  was  pleafed  to  order 
^eat  guns  to  be  fired  for  this  purpofe  at  Florence,  and  perfons 
were  appointed  on  purpofe  to  obferve  them  at  Leghorn,  which 
they  compute  is  no  lefs  than  55  miles  in  a ftralt  line.  But  not- 
wlthftanding  the  country  between  being  fomewhat  hilly  and 
woody,  and  the  wind  alfo  was  not  favouring,  only  very  calm  and 
ilill,  yet  the  found  was  plainly  enough  heard.  And  they  tell 
me,  that  the  Leghoi-n  guns  are  often  heard  66  miles  off,  at  Porto 
Ferraro  ; that  when  the  French  bombarded  Genoa,  they  heard 
it  near  Leghorn,  90  miles  diftant ; and  in  the  MeJJina  infurreSion, 
the  guns  were  heard  from  thence  as  far  as  Augujla  and  Syracufe, 
about  joo  Italian  miles.  Thefe  diftances  being  fo  confiderable, 
give  me  reafon  to  fufpeft,  that  founds  fly  as  far,  or  nearly  as  far, 
in  the  fouthern,  as  in  the  northern  parts  of  the  world,  notwith- 
ftandlng  we  have  a few  inftances  of  founds  reaching  farther 
diftances.  As  Dr.  Hearn  tells  us  of  guns  fired  at  Stockholm  In 
1685,  that  were  heard  180  Engiyh  miles.  And  in  the  Dutch 
war,  1672,  the  guns  were  heard  above  200  miles.  Vide  Phil. 
*T ranf.  No.  1 13.  Alfo  there  is  this  farther  reafon  of  fufpiclon, 
that  the  mercury  In  the  barometer  rifeth  higher  w'^hout  than 
within  the  tropics,  and  the  more  northerly,  fti  .ne  higher, 
which  may  Increafe  the  ftrength  of  founds,  by  note  {ib). 

i^dd)  As  to  the  velocity  of  founds,  by  reafon  the  moft  cele- 
brated authors  differ  about  it,  I made  divers  nice  experiments 
jnyfelf,  witli  good  Inftruments  ; by  which  I found,  i.  That 
there  is  fome,  although  a fmall  difference  in  the  velocity  of 
founds,  with  or  againft  the  wind  : which  alfo  is,  2.  Augmented 
or  diminifhed  by  the  ftrength  or  weaknefs  of  the  wind.  But 
that  nothing  elfe  doth  accelerate  or  retard  it,  not  the  differences 
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voice,  or  in  fecret  whifpers ! And,  to  fay  no  more, 
who  lefs  than  the  fame  moft  wife  and  indulgent 
Creator,  could  form  fuch  an  cEConomy,  as  that  of 
melody  and  mufic  is ; that  the  medium  lhould,(as  I 
faid)  fo  readily  receive  every  impreffion  of  found, 
and  convey  the  melodious  vibration  of  every  mufical 
ftring,  the  harmonious  pulfes  of  every  animal  voice, 
and  of  every  mufical  pipe  ; and  the  ear  be  as  well 
adapted,  and  ready  to  receive  all  thefe  impreflions, 
as  the  medium  to  convey  them  : and  laftly,  that  by 
means  of  the  curious  lodgment,  and  inofculations  of 
the  auditory  nerves  before-mentioned,  the  orgafms 
of  the  fpirits  fhould  be  allayed,  and  perturbations 
of  the  mind  in  a great  meafure  quieted  and  ftil- 
}ed  {ee') : or  to  exprefs  it  in  the  words  of  the  laft- 

cited 


of  day  or  night,  heat  or  cold,  fummer  or  winter,  cloudy  or  clear, 
barometer  high  or  low,  ^c.  3.  That  all  kinds  of  founds  have 

the  fame  motion,  whether  they  be  loud  or  languid,  of  bells,  guns, 
great  or  fmall,  or  any  other  fonorous  body.  4.  That  they  fly- 
equal  fpaces  in  equal  times.  Fifthly  and  laftly,  That  the  mean 
of  their  flight  is  at  the  rate  of  a mile  in  nine  half  feconds  and  a 
quarter,  or  114?  feet  in  one  fecond  of  time.  Vide  Phil.  Tranf. 
Jlid. 

(ee)  Tunoiheus  a mufician  could  excite  Alexander  the  Great  to 
arms  with  the  Phrygian  found,  and  allay  his  fury  'with  another 
tone,  and  excite  him  to  merriment.  So  Ericus  king  of  Den- 
mark^ by  a certain  mufician,  could  be  driven  to  fuch  a fury,  as  to 
kill  fome  of  his  beft  and  moft  trufty  fervants.  More  of  this 
power  of  mufic  over  the  aftedions  may  be  feen  in  Ath.  Kirch. 
Phonurg.  1.  2.  fed.  i.  Alfo  in  If.  VoJJius  de  Poerruxtum  canti:, 
p Rythmi  virilus. 
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cited  famous  author  (//’),  « That  mufic  fhould 
“ not  only  afle^  the  fancy  with  delight,  but  alfo 

“ give 

And  not  only  upon  the  affections,  but  alfo  on  the  parts  of 
the  body,  mufie  is  able  to  exert  its  force,  as  appears  from  the 
Gafeoign  knight.  Cut  phormingis  fono  audito  'ucfica  Jlattm  ad  vri- 
nam  reddeadam  •DeUkabatur — “ Who  at  the  found  of  a bagpipe 
felt  an  irritation  of  the  bladder  provoking  him  to  make  water.”— 
Such  another  we  have  in  No.  i.  Ephem.  Nat.  Curiof.  Obferv. 
134.  Alfo  Morhoff  de  Scyph.  v7tr.  per  cert,  human.  Dock  fonum 
frado  : where  there  is  not  only  the  account  of  the  Dutchman  at 
Amjlerdam,  one  Nich.  Peter.,  that  brake  Roman  glaffes  with  the 
found  of  his  voice  ; but  alfo  divers  other  inftances  of  the  powers 
and  effects  of  found.  But  to  the  ilory  of  the  Gafeoign  knight, 
Mr.  Boyle, icoxa  Scaliger,  adds  a pleafant  paffage.  That  one  he  had 
difobliged,  to  be  even  with  him,  caufed  at  a feaft,  a bagpipe  to  be 
played,  when  he  was  hemmed  In  with  th^  company  1 which  made 
the  knight  be-pifs  himfelf,  to  the  great  diverfion,  of  the  com- 
pany, as  well  as  confufion  of  himfelf.  Boyle's  EJfay  of  the  EJfeSt 
of  Lang.  Motion.  ' In  the  fame  book  are  other  matters  that  may 
be  noted  here.  One  whofe  arm  was  cut  off,  was  exceedingly 
tormented  with  the  difeharge  of  the  great  guns  at  fea,  although 
Jie  was  at  a great  dlftance  on  land.  And  a gi'eat  flilp-com- 
mander  obferved  his  wounded  men,  with  broken  limbs,  fuf- 
fered  in  like  manner  at  the  enemies  difeharges.  An  Ingenious 
domcftic  of  his  own  would  have  his  gums  bleed  at  the  tearing 
of  brown  paper.  And  a gentleman  of  Mr.  Boyle’s  acquaint- 
ance confeffed  to  him,  that  he  was  inclined  to  the  inight 
of  Gafeoign' s dijlemper,  upon  hearing  the  noife  of  a tap  running. 
The  dancing  to  certain  tunes,  of  perfons  bit  w'ith  the  tarantula, 
he  was  affured  of  by  an  Ingenious  acquaintance  at  Tarentum, 
w'ho  faw  feveral,  amongft  the  reft  a phyfidan,  affeCled  with  that 
diftemper.  And  many  other  accounts  pf  this  kind,  feemingly 
credible,  are  related  in  Morhoff,  Kircher,  and  many  others  ; al- 
though Dr.  Cornelia  queftions  the  matters  of  faCI  relating  to 
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“ give  relief  to  the  grief  and  fadnefs  of  the  heart ; 
« yea,  appeafe  all  thofe  turbulent  paffions,  which 

“ arc 


the  cure  of  the  tarantula  bite,  In  PJnl.  Tranf.  No.  83.  Mr. 
Boyle  alfo  faith,  a fober  mulician  told  him,  he  could  make  a cer- 
tain woman  weep,  by  playing  one  tune,  which  others  would  be 
little  affedled  at.  And  he  faith,  that  he  himfelf  had  a kind  of 
fhivefing  at  the  repeating  two  verfes  in  Lucan.  And  I add, 
that  I very  well  know  one  to  have  a fort  of  chill  about  his  pr£- 
eordia  and  head,  upon  reading  or  hearing  the  53d  chapter  of 
JJaiah ; as  alfo  David’5  lamentations  for  Saul  and  Jonathan^ 

1 Sam.  i. 

Neither  are  our  own  minds  and  bodies  only  alFe£l,ed  with 
founds,  but  inanimate  bodies  are  fo  alfo.  Of  which  many 
■(lories  may  be  met  with  in  Kircher,  particularly  a large  Hone  that 
would  tremble  at  the  found  of  one  particular  organ-pipe ; in 
Morhojf  alfo,  who  among  many  other  relations  hath  this,  Me~ 
viini  cum  ipfi  \_clanf.  Willi/io~\  de  experimento  vUm  per  •vocem  fradi 
varrarem,  ex  eo  audln3tjfe,  quod  in  adihus  mujicis  Jibi  vicinis  aliquo- 
ties  collapfum  pavlmentnm  fuefit ; quod  ipfe  fonts  continuis  adfcribeve 
non  dnbitavk. — “ I remember  when  I was  telling  him  (Dr.  Wil- 
Us)  of  the  experiment  of  breaking  a glafs  by  a man’s  voice,  he 
informed  me  that  he  obferved  in  a mufic-hall  in  his  neighbour- 
liood,  the  pavement  fallen  in,  which  he  attributed  to  the  repeated 
force  of  the  founds.” — Morhoff.  cap.  12.  Merfenne  alfo,  among^ 
many  relations  in  his  Harmon,  and  other  books,  tells  a far  more 
probable  ftofy,  of  a particular  part  of  a pavement,  that  would 
(Iiake,  as  if  the  earth  would  open,  when  the  organs  played,  than 
what  he  relates  about  antipathy,  in  his  Comment,  in  Genef 

■yiz.  That  the  found  of  a drum  made  of  a wolf’s  fldn,  will  break 
another  made  of  (heep’s  ildn  : that  hens  will  fly  at  the  found  of 
an  harp  ftrung  with  fox-gut  firings,  and  more  to  the  fame  pur- 
pofe.  Mr.  Boyle  alfo,  in  his  lafl  cited  book,  tells  us,  feats  will 
tremble  at  the  found  of  organs ; and  that  he  hath  felt  his  hat  to 
do  fo  too  uuder  his  hand,  at  certain  notes  both  of  organs,  and 

iq 
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are  excited  in  the  bread  by  an  immoderate  fer- 
“ ment,  and  fluftuation  of  the  blood/* 

And  now,  who  can  refledl  upon  all  this  curious 
apparatus  of  the  fenfe  of  hearings  and  not  give 
the  great  Creator  his  due  praife ! Who  can  furvey 
all  this  admirable  work,  and  not  as  readily  own  it 
to  be  the  work  of  an  omnipotent,  and  infinitely 

•wife 

in  difconrfe  j that  he  tried  an  arch  that  would  anfwcr  to  C fa-ut, 
and  had  done  fo  an  loo  years"*;  and  that  an  experienced  builder 
told  him  any  well-built  vault  will  anfwer  fome  determinate  note. 
And  at  Eajlbury-houfe  near  Barking,  I myfelf  difcovered  the 
porch,  (having  linn  brick-walls, ) not  only  to  found  when  llruck 
on  the  bottom,  but  alfo  to  give  almoft  as  loud  a found,  when  I 
founded  the  fame  note  with  my  voice  *. 

iff)  ubi  fupra. 


♦ Every  fubllance  whatever,  whofe  parts  are  fo  connefled  as 
to  be  capable  of  an  uniform  vibration,  may  have  that  vibration 
produced  in  it  by  the  founding  of  a certain  mufical  note  or  tone 
with  which  it  is  in  unifon.  Even  liquids,  when  fo  fufpended  as 
to  be  capable  of  vibration,  (as  for  example  water  in  aglafs,)  arc 
cbferved,  not  only  to  vibrate  when  a particular  note  is  ftruck  or 
founded,  but  aftually  found  themfelves  in  concord.  That  water 
fufpended  iii  a glafs  becomes  adually  itfelf  a fonorous  body,  is 
proved  by  the  mode  of  tuning  a fet  of  mufical  glaifes,  which  be- 
come the  deeper  lu  tone,  the  more  water  is  poured  into  them ; 
for  if  it  was  only  the  empty  part  of  the  glafs  that  founded,  the 
found  would  be  the  more  acute,  the  more  water  was  poured  in. 
But  as  the  contrary  holds  true,  it  is  thence  evident  that  the 
water  and  glafs  together  form  one  uniform  fonerous  fubftance, 
of  which  the  greater  the  quantity  or  volume,  the  deeper  is  its 
mufical  tone.  Editor. 
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wife  and  good  GOD  (gg),  as  the  moft  artful  melo- 
dies we  hear,  are  the  voice  or  performances  of  a 
living  creature ! 

te)  calamo  tantwn  cantare,  ^ agrejle 

atque  inconditum  carmen  ad  aliquam  tantum  obleSationem  modu- 
lari  docuit,  fed  tot  artesy  tot  vocum  varietates,  tot  fonos,  alios  fpiritu 
nojlro,  alios  externo  cantu  edituros  commentus  — “ He  indeed  is 

God — It  is  he  Avho  not  only  has  taught  the  ufe  of  inftruments 
and  the  fkill  of  mufical  founds,  but  has  framed  the  utmoll  variety 
of  voices  and  of  founds  ; the  author  of  every  art.” — Senec.  de 
Btnef.  L 4.  c.  6. 
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, CHAP.  IV. 

Of  the  Senfe  of  Smelling* 

V 

fenfe  I fKall  difpatch  in  lefs  compafs  than 
the  two  lafl,  becaufe  its  apparatus  (although 
fufficiently  grand  and  admirable,  yet)  is  not  fo 
multiplicious  as  of  the  eye  and  ear  ; it  being  fufE- 
cient  in  this'  fenfe,  that  the  odoriferous  effluvia  of 
bodies  (a)  can  have  an  eafy,  free  paffage  to  the 
olfadtory  nerves,  without  the  formalities  of  refrac- 
tions, and  other  preparations  neceffary  to  the  per- 
fedion  of  the  two  former  fenfes.  Accordingly, 
the  all-wife  Creator  hath  made  fufficient  provifion 
for  the  reception  of  fmells,  by  the  apertures  of  the 
iioflrils  (b) ; made  not  of  fleffl,  or  bone,  but  carti- 
laginous 

(a)  A piece  of  ambergreafe  fufpended  in  a pair  of  fcales, 
that  would  turn  with  a veiy  fmall  part  of  a grain,  loft  nothing 
of  its  weight  in  three  days  and  half ; neither  ^ did  ajfafatida  in 
five  days  and  half:  but  an  ounce  of  nutmegs  loft  five  grains  and 
half  in  fix  days  ; and  cloves  feven  grains  and  four-fifths.—- 
Boyle’s  Subtil,  of  EJluv.  c.  5. 

(i)  Nares,  eb  quod  omnis  odor  ad  fuperiora  fertur,  rede  furfum 
funt : Et  quod  cibi  potionis  judicium  magnum  carum  ejly  non  fine 
caufd  vicinitatem  oris  fecuta  funt. — “ The  noftrils  arc  rightly 
placed  upwards,  as  all  fmells  afeend : and  they  are  placed  in 
the  neighbourhood  of  the  mouth,  becaufe  they  are  of  infinite 
ufe  in  the  diferimination  of  meats  and  driuks.”— C/f.  de  Nat* 
Deor.  1.  2.  C.  56, 
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laglnous,  the  better  to  be  kept  open,  and  withal, 
to  be  dilated  or  contradled,  as  there  is  occafion : 
for  which  fervice  the  nofe  hath  feveral  proper  and 
curious  mufcles  (c). 

And  forafmuch  as  it  is  by  breathing  (d),  that 
the  odorant  particles  are  drawn  in,  and  conveyed 
to  the  fenfory ; therefore  there  is  a very  wife  pro- 
vifion  made  in  the  lamina,  with  which  the  upper 
part  of  the  nofe  is  barricaded,  which  ferve  to  two 
excellent  ufes : partly,  to  fence  out  any  noxious 
fubftances  from  entering  the  breathing  paflages  in 
our  fleep,  or  when  we  cannot  be  aware  (e)  ; and 
partly,  to  receive  the  divarications  of  the  olfaSlor^ 
nerves,  which  are  here  thick  fpread,  and  which  do 
by  thefe  means  meet  the  fmells  entring  with  the 
breath,  and  ftriking  upon  them, 

(f)  Had  not  the  CQntriyer  of  animal  bodies  been  minded 
that  his  work  fliould  have  all  the  figna^ures  of  accuracy,  thia 
fenfe  might  have  been  performed  with  a bare  aperture  of  the 
nofe  ; but  that  nothing  might  go  impcrfedl:  out  of  his  hand,  he 
hath  made  a part  of  the  nofe  eafily  moveable,  and  given  a fet  of 
mufcles  to  lift  up,  and  open  and  fhut  the  noftrils ; and  fo  adjuft 
it  to  every  occafion  of  this  fenfe. 

(^/)  Odorem  non  aliud,  quatn  infeSum  deni,  intelligi  pojjem—^ 

We  underftand  that  odour  proceeds  from  nothing  elfe  than 
tainted  air.” — Plin.  Nat.  Hijl.  1.  9.  c.  7. 

(e)  For  a further  guard  againft  the  ingrefs  of  noxioua 
things,  the  dibrilfx,  or  hairs  placed  at  the  entrance  of  the 
noftrils  ferve,  which,  in  fome  meafure  ftop  the  entrance  of 
things  improper,  or,  however,  give  warning  of  them;  but 

at  the  fame  time  allow  an  eafy  paflage  to  the  breath  and 
odours. 

An4 
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And  accordingly,  the  more  accurate  this  fenfe  is 
in  any  animal,  the  longer  we  may  obferve  thofe 
lamina  are ; and  more  of  them  in  number  folded 
up,  and  crowded  together,  to  contain  the  more 
nervous  filaments,  and  to  detain  and  fetter  the 
odoriferous  particles  in  their  windings  and  turnings. 
And  an  admirable  provifion  this  is,  which  the 
great  Creator  hath  made  for  the  good  of  brute 
creatures  (/ ) ; the  chief  a£ls  of  many  of  whofe 
lives  are  performed  by  the  miniftry  of  this  fenfe. 

(/)  Multo  praclarius  emlcat  \olfaBus'\  in  hrutis  ammalihis^ 
quam  in  homine  : ijla  namque  hoc  folo  indice,  herlarum,  aliorumquo 
corporum  priiis  ignotorum  virtutes  certlffime  dignofcunt,  quin  fsf 
•viSum  fuum  abfentem,  vel  in  ahjlrujo  pojitumi  odoratu  venantur,  ac 
facillme  hmejligant.  ^bd  autem  minus  fagaces  funt  homhium  na- 
res,  illud  non  facultatis  hujus  abufui  (prout  nonnulli  volunt)  pfcrtbi 
debet,  verum  in  causa  ejl  ipfius  organi  defeSus  : hoc  enim  circa  viBus 
humant  criteria  ( ubi  ratio,  £3*  intelleSus  adfunt ) non  ila  occur atum 
requiritur  : propterea  enim  inferiores  poteniix  in  homine,  d natura 
vtlniis perfeBse  exijlunt,  ut  fuperiorum  cultut  £3"  exercitio  relinquereiur 
locus.’— The  fmell  is  much  more  excellent  in  brute  animals 
than  in  man  ; for  by  it  alone  they  diftinguilh  with  certainty 
the  qualities  of  herbs  and  other  fubftances  with  which  they 
were  before  unacquainted ; and  hunt  out  and  difcover  their 
food  wherever  it  is  concealed.  That  man  is  not  endowed  with 
the^  fame  fagacity  of  the  nofe,  is  not  to  be  afcribed,  as  fomc 
would  have  it,  to  the  abufe  of  that  faculty,  but  to  an  inherent 
defeft  of  the  organ  ; for  man  having  reafon  and  underftanding 
to  direft  him,  has  no  occafion  for  that  acutenefs  of  fmell  to 
dlllingulfh  his  food.  On  this  account  too  the  Inferior  faculties 
are  lefs  perfeft  in  man,  that  there  may  be  more  room  for  the 
exercife  of  his  fuperior  endowments.” — JViHis  dc  jintm.  Brut. 
c.  13. 
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In  infects,  and  many  other  creatures,  it  is  of 
great  ufe  in  the  propagation  of  their  kind ; as 
particularly  in  helping  them  to  fafe  and  conve- 
nient places  for  the  incubation  of  their  eggs, 
and  breeding  up  their  young.  Others  are  by 
the  accuracy  of  this  fenfe,  of  ufe  to  mankind^ 
which  would  be  otherwife  of  little  or  no  ufe  (g). 
And  moft  of  the  irrational  animals,  birds,  beads, 
and  creeping  things,  do,  by  their  fmell,  find  out 
their  food ; fome  at  great  didances,  and  fome 
at  hand.  With  what  fagacity  do  fome  difcover 
|heir  food  in  the  midd  of  mud  and  dirt  (/6)  ? 
With  what  curiofity  do  the  herbaceous  kind  pick 
and  chufe  fuch  plants  as  afford  them  wholefome 
food,  or  fometimes  fuch  as  are  medicinal  (i),  and 
refufe  fuch  as  would  hurt  and  dedroy  them? 
And  all  by  the  help  principally,  if  not  only,  of 
the  fmell,  affided  by  its  near  ally  the  tade.  Of 
which  I lhall  in  the  next  place  fpcak  very  briefly. 

(^)  Thus  the  chief  ufe  of  hounds  is  to  hunt  5 and  other 
(dogs,  to  be  a watch  and  guard  to  our  houfes  by  night.  For 
which  fervices  (particulai-ly  in  hounds)  their  olfadory  nerves 
are  not  only  remarkably  large,  (like  as  they  are  in  other 
brutes,)  but  their  branches  and  filaments  are,  .in  lamine 
of  the  noftrils,  both  more  and  larger  than  I have  feen  in  any 
other  creature  whatfoever.  Alfo  there  are  more  convulfions 
of  the  la.tiintt  than  I ever  remember  tp  have  found  in  any  other 
animal. 

The  fagacity  of  hounds  is  prodigious ; of  which  fee  an  in« 
fiance  in  booh  iv.  chap.  11.  note  [hhh). 

(h)  See  book  vii.  chap.  2.  note  (e). 

(i)  f^ie/e  Pltn.  H'tjl.  Nat.  1.  8.  c.  27,  anlmalia  quas 

herbat  ojienderttnt. 
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Of  the  Tajle  (a), 

JN  this,  as  in  the  lafl;  fenfe,  we  have  an  apparatus 
abundantly  fufficient  to  the  fenfe ; nerves  cu- 
rioufly  divaricated  about  the  tongue  (b),  and 

mouth, 

(fl)  Ta  Jt  Et^j)  rm  &C.  Saporum  genera — dukU,  pin- 

guts,  aujlerus,  acerbus,  acris,  falfus,  amarus,  acidus. — “ The  dif- 
ferent kinds  of  tattes  are  the  fweet,  the  fat,  the  auftere,  the  har^ 
the  acrid,  the  fait,  the  bitter,  the  iovred'—Theophr.  de  Cauf.PIard. 
I.  6.  c.  I . What  may  be  the  caufe  of  the  difference  of  taftes, 

he  faith  is  hard  to  affign,  no  npoii  tou;  ■zraGim,  &c.  Utrum 
affedionibus  fenfuum — an  fguris,  quibus  Jinguli  corf  ant,  ut  Demo- 
critus cenjet.  id.  ib.  ii,  &c.  Democritus—— dulcem 

fe  faporem  qui  rotufidus  ; acerbum  qui  fgurd  magnd ; afperum 
qui  multis  aagulis,  &c. — “ Whether  thefe  differences  are  to  be 
attributed  to  the  affeftions  of  the  fenfes,  or  as  Democritus 
thinks,  to  the  figures  of  which  the  fubftances  are  compofed. 
It  is  his  opinion,  that  where  the  figures  are  round,  the  tafte  is 
fweet,  where  they  are  cornered,  the  tafte  is  fharp,  &c.” — Id. 
Ih.  &c.  But  of  the  diverfities  and  caufes  of  taftes,  fee  Dr. 
Crewo,  Le9.  6.  and  Dr.  tPillis  de  Anim.  Brut.  c.  12. 

(i)  Intelkeius  faporum  ejl  cateris  in  primd  lingud : homini,  Esf 
m palato. — “ The  perception  of  taftes  is  fituated  in  the  tip  of 
the  tongue  in  moft  animals : but  in  man,  it  is  likewife  in  the 
palate.” — Plin.\.w.  c.  37. 

The  opinions  of  anatomifts  concerning  the  organ  of  tajle 
are  various.  Bauhin,  T.  Bartholin,  Bartholette,  Vejlinge,  Deu- 
fnge,  &c.  place  it  in  the  laxer,  flefhy  parts  of  the  tongue : 
our  famous  Wharton,  in  the  gland  at  the  root  of  the  tongue ; 
Laurentius  in  the  thin  tunic  covering  the  tongue ; but  the 
learned  Malpighi  with  great  probability  concludes,  becaufc 
the  outward  cover  of  the  tongue  is  perforated,  under  which 
lie  papillary  parts,  (of  which  Mr.  Cowper  hath  very  good 

cuts 
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mouth,  to  receive  the  impreffions  of  every  gudo ; 
and  thefe  nerves  guarded  with  a firm  and  proper 
tegument  to  defend  them  from  harms  j but  withal 
fo  perforated  in  the  papillary  eminences,  as  to 
give  a free  admiffion  to  tafles. 

But  I fhall  fay  no  more  of  this  fenfe  j only  a 
word  or  two  of  its  confent  with  the  fmell,  and 

cuts  In  his  Anat.  Tab.  13.)  that  In  thefe  the  tafte  lleth.  Mai* 
pighVs  words  are,  ^tare  cum  di£fh  meatibus  in/jgnibus  occurrant 
papillaria  corpora,  probabilius  ^ in  his  ultimo,  ex  fulintranti  fapido 
humore  titillationem,  mordicationem  quandam  Jieri,  qua  gujlum 
ejiciat. — “ As  we  find  under  thefe  pores  certain  papillary  parts, 
It  Is  probable  that  In  thefe  lies  the  fenfe  of  tailing,  which  is 
produced  by  the  fapid  humour  entering,  and  lllghtly  lllmu- 
iating  thefe  parts.” — Malpig.  Op.  tom.  2.  de  Lingua,  p.  18. 

Pracipuum  ac  fere  folum  gujlatus  orgafion  lingua  ; cui  aliqua- 
tenus  fubobfcure  tamen  palatum,  fuperior  gula  pari  confenliunt  i 
in  omnibus  verb  Jibra  nervofa  immediata  fenftonis  injlrumenta  funt. 
^uare  obfervare  ejl,  linguam  pra  alia  qudvis  parte  injigniter  jibro- 
fam  ejje,  etiam  texturd  valde  porosd  conjlare,  in  eUm  nempe  jinemy 
ut  particula  rei  fapida  topiojius  ac  penitius  intra  fenforii  meatus  ad‘ 
mittantur. — Nervi  autem  qui  jibris  lingua  deiijijfmeintertextis  fa- 
mulantur,  ac  faporum  imprejftones  tu  communicant, 

funt.-‘ — Nervi  e paribus  turn  quinto,  turn  nono  IS*  ubiq;  cum  densd 
propaginum  ferie per  totam  ejus  compagem  dijlrihuti.- — “ The  principal 
and  almoft  the  foie  organ  of  tafte  is  the  tongue,although  the  palate 
and  the  upper  part  of  the  throat  are  In  fome  degree  fubfervlent. 
But  In  all  thefe  the  nervous  fibres  are  the  immediate  inftrument 
of  fenfe.  On  that  account  we  obferve,  that  the  tongue  Is  much 
more  fibrous  than  any  other  part,  and  Is  of  a very  porous  con- 
texture ; that  thus  the  fapid  particles  of  the  food  may  be  more 
intimately  communicated  to  the  palfages  of  the  fenforium.  The 
nerves  which  communicate  to  the  fibres  of  the  tongue  are  thofe 
of  the  fifth  and  ninth  pair,'  and  thefe  by  various  ramification^ 
are  diftributcd  through  all  its  contexture.” — Willis,  ibid.  (See 
Plate  C,  in  book  V.  c.  8.) 
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the  fxtuatlon  of  them  both  ; their  fituation  is  in 
the  mofl  convenient  place  imaginable,  for  the  dif- 
charge  of  their  offices ; at  the  firfl:  entrance  (r), 
in  the  way  to  the  grand  receptacle  of  our  food 
and  nouriffiment ; to  furvey  what  is  to  be  ad- 
mitted therein  ; to  judge  between  what  is  whole- 
fome,  and  6t  for  nouriffiment,  and  what  is  unfa- 
voury  and  pernicious.  And  for  this  end,  the  all- 
wife Creator  feems  to  have  eftabliffied  a great  con- 
fent  between  the  eye,  the  nofe,  and  tongue,  by  or- 
dering the  branches  of  the  fame  nerves  (<i),  to 
each  of  thofe  three  parts  ; as  alfo  indeed,  to  divers 

(<r)  Guflatus,  qui  fentlre  ear  urn  quibui  vefc'tmur  gctjeya  debet  y 
habitat  in  ed  parte  oris,  qua  efcukntis  potulentis  iter  notura 
patefecit. — The  fenfe  of  tailing,  as  it  ferves  for  the  difcri^i- 
nation  of  our  foods,  is  placed  in  that  part  of  the  mouth  where 
the  food  firll  enters.” — Cic.  de  Nat.  Dear.  1.  2.  c.  56.  Vide 
quoqs  fupra,  note  {b),  chap. 

(d)  Malta  hvjus  fquinti  Paris]  nervi  propagines  mqfticationls 
operi  dejlinantur  i ideoque  quomam  alimenta  ingerenda  non  modo 
guJitiSy  aft  eiiam  olfaSus  iff  'visus  examen  fubire  debent , ab  eodeni 
bervoy  cujus  rami  ad  palatum  Iff  fauces  mifti,  manducat'iotus 
negotium  peragunt,  propagines  alia,  velut  explor at  rices,  ad  nares 
iff  oculos  feruntur,  nempe  ut  'fthac  aliorum  fenfuum  organa,  eiiam 
ad  olqeSa  guftus  melius  dignofcenda  probationum  auxiliis  quibufdam 
inftruantut'. — “ Several  of  the  branches  of  the  fifth  pair  of 
nerves  are  fubfervient  to  mallication ; and  as  the  food  ought 
not  only  to  undergo  the  examination  of  the  talle,  but  likewife 
of  the  fmell  and  of  the  fight,  fo  from  the  fame  nerve,  whofe 
branches  palling  to  the  palate  and  fauces,  ferve  for  mandu- 
cation  ; there  are  other  branches  which  are  fent  to  the  nollrils, 
and  to  the  eyes,  in  order  that  thefe  organs  may  likewife  con- 
tribute their  aid  towards  dillinguilhing  the  proper  objedls  of 
talle.” — IVillis  Nerv,  Defcrip.  iff  Ufus,  c.  22.  (Sec  Plate  C, 
in  book  V.  c.  8.) 
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Other  parts  of  the  body,  which  I may  have  occa* 
fion  to  mention  in  a more  proper  place  {e).  By 
which  means,  there  is  all  the  guard  that  can  be, 
againft  pernicious  food  ; forafmuch,  as  before  it 
is  taken  into  the  ftomach,  it  is  to  undergo  the  trial 
of  three  of  the  fenfes  ; the  fcrutiny  of  the  eye,  the 
ftridl  furveyor  of  its  outward  appearance ; and 
the  probation  of  the  fmell  and  tafte,  the  two 
fevereft  judges  of  its  natural  conftitution  and  com- 
pofition. 
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CHAP,  VI. 

Of  the  Senfe^  of  Feeling  {a), 

JJAVING  fpent  fo  much  time  upon  the  other 
fenfes,  and  therein  given  fuch  ample  proofs 
of  the  infinite  Creator’s  wifdom  j I Ihall  but  briefly 

take 

(a)  Malpighi  is  of  this  opinion,  that  as  tqfte  is  performed  by 
the  papilla  in  the  tongue,  fo  is  feeling  by  fuch  like  papilla  under 
the”  fkin.  From  feveral  difleftions,  and  other  obfervations,  he 
thus  concludes,  Fx  his  iff  fimilihus  videbatur  animus  abunde 
eertior  redditus,  earundem  papillarum  pyramidalium  copiam,  quas 
alias  in  lingua  deferip/i,  in  locis  pracipue  acquifuiori  taBui  dicatis 
reperiri,  eodem  progigni  nervofo  £3*  cut'uulari  corpore,  ftmulque  cir-^ 
cumvolvi  reticulari  involucroy  iff  extiman  cuticulam,  veluti  ultimum 
terminum  attingere.-^ — Microfeopio  quilibet  in  manus  dorfo  pro  fudore 
orificia  quadam  miro  ordine  difperfa  intueri  potejly  circa  qua  fre- 
quentia  quadam  capitula  ajfurgunt ; hac  verb  funt  papillarum  fines y 
dum  a cute  affiirgentes  interpfitum  fuperant  rete,  fimidque  extimam 
cuticulam.  Hac  repetitis  feflionibus  deprehendi ; ex  quibus  non  im~ 
Probabiliter  deducamy  feuti  ex  elatioribus — papilUs — in  lingudy 
gufus  organon  elicitury — ita  ex  copiosd  harum  papillarum  congerie 
"—in  organisy  ubi  maxims  animalia  taBus  motions  cfjiciuntury — 
adaquatum  taBus  organum  JuJficienter  haberi. — “ From  thefe  and 
fimilar  obfer\'ations  we  are  abundantly  certain,  that  the  fame 
pyramidal  papillay  which  we  have  deferibed  in  the  moft  fenfible 
part  of  the  tongue,  are  likew;fe  found  in  the  nervous  and  cu* 
ticular  fubftance,  where  they  are  covered  with  a reticular  or 
netted  fubftance,  and  have  their  termination  in  the  outward 
cuticle. — Any  perfon  may,  with  the  help  of  a microfeope, 
perceive  upon  the  back  of  the  hands  certain  orifices  for  giving 
vent  to  fweat,  diftributed  in  wonderful  order,  around 
which  there  arife  many  fmall  heads  or  points.  Thefe  are  the 

extremitici 
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take  notice  of  two  things  relating  to  this  laft 
fenfe. 

One  is  its  organ,  the  nerves.  For  as  all  fenfa- 
tlon  is  performed  by  the  nerves  (b\  and  indeed  the 
other  fenfes  (performed  by  nerves)  are  a kind  of 
feeling ; fo  is  this  fenfe  of  feeling  performed  by 
nerves  likewife,  fpread  in  the  moft  incomparable, 
curious  manner  throughout  the  whole  body.  But 
to  defcribe  their  origin  in  the  brain,  and  fpinal- 
marrow,  their  ramifications  to  all  the  parts  ; their 
inofculations  with  one  another  j and  other  mat- 

extremities  of  the  papule  rifing  from  the  cutis  above  the  reti- 
cular fubftance,  and  the  outward  cuticle-  Thefe  I have  found 
upon  repeated  difle&ions  ; whence  I conclude  with  fome  pro- 
bability, that  as  the  tafte  is  produced  by  the  papillae  in  the 
tongue,  fo  the  fenie  of  feeling  arifes  from  the  fame  papilla  in 
thofe  organs  where  the  touch  is  moft  acute  and  fenfible.’^ — 
Malpig.  de  extern.  Ta8.  Org.  p.  26.  Conful.  quoq;  eiufd. 

Vit./.28,  ■ 

Thefe  obfervations  of  Malpighi,  our  late  curious  and  dili- 
gent- Mr.  Cowper  hath  confirmed,  and  given  us  very  elegant 
cuts  both  of  the  llcin,  and  the  papilla,  and  the  nerves,  glands, 
.ts’e-  under  it,  from  microfcopical  obfervations.  Fide  Cowper^s 
Anat.  introd.  and  tab.  4. 

(i)  Although  the  eye  be  the  ufual  judge  of  colours,  yet 
fome  have  been  able  to  diftinguifli  them  by  their  feeling. 
dam  fuit  qni  venit  ad  M.  Due.  Hetruriae  aulam  qui  colores  per 
taSum  cogriofcehat.  Pro  experimenfo  velum  fericum,  utiif or  miter 
iextum,  itf  plurihus  coloribus  tinaum,  offer ebatur,  ItS  veraciter  de 
colore  in  JinguUs  parlibus  judicabat. — “ A certain  perfon  came 
to  the  court  of  the  Duke  of  Tufeany  who  could  diftinguiih 
colours  by  the  touch.*  By  way  of  experiment,  a filk  veil  was 
laid  before  him,  which  was  uniformly  wove  throughout,  but 
dyed  with  fcveral  colours,  and  he  diftinguilhed  the  colours  in 
the  different  parts  with  the  greateft  accuracy.”— de 
Lum.ltf  Col.  propi  43.  fcift,  59. 

ters ; 
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ters ; whereby  not  only  the  fenfe  of  feeling  is  per- 
formed, but  alfo  animal  motion,  and  admirable 
confent  and  harmony  of  all  the  parts  of  the  body 
is  effedted  : (to  deferibe,  I fay,  thefe  things,)  would 
take  up  too  much  time,  and  I have  already,  and 
fhall,  as  I go  along,  give  fome  hints  thereof.  (See 
■poJiecL,  bookv.  c.  8.;  and  Plate  C,  with  its  explana- 
tion.) 

The  other  thing  I fliall  take  notice  of,  is,  the 
difperfion  of  this  fenfe  throughout  the  body,  both 
without  and  within.  The  other  fenfes,  I have 
obferved,  are  feated  in  the  very  bell  place  for 
the  relief  and  comfort,  the  guard  and  benefit  of 
the  animal.  And  forafmuch  as  it  is  necelfary  to 
the  being,  and  welbbeing  of  the  body,  that  every 
part  fliould  be  fenfible  of  things  fafe,  or  things 
prejudicial  to  itfelf ; therefore,  it  is  an^  admirable 
contrivance  of  the  great  Creator,  to  difperfe  this 
fenfe  of  feeling  throughout  every  part  (f) ; to  dif- 


(c)  Taaus  autem  toto  corpore  aquabilUer  fufvs  ejl,  ut  omnes 
iaus  omnefque  nimios  ^ frigorh,  iff  calons  appulfu.  finUrepof- 
fenfe  of  feeling  is  diffufed  over  all  the  body, 

that  we  may  be  fenfible  of  every  tiring 

and  likewife  of  the  extremes  of  heat  and  of  cold.  —Ctc.  ubt 


fenfus  omnibus  ejl,  etiam  quibus  nulhs  alius  ; nam^ 
a/lreis,  iff  ternjlribns  n^ermibus  quoque.  Exf.mavsnm  ommbus 
tZ  Sgufai  ejfc.  Cur  enim  alios  alia  fapor.  appaunt  ? ,n 

^rJpriipua  Lur.  arclAuBio.-^^  All 

fenfe  of  feeling,  even  tbofe  which  feem  to  have  no  other  fenfe, 
as  for  example,  oyfters  and  earth  worms.  I ihould  imagine, 
however,  that  all  have  likewife  the  fenfe  of  tafte  ; for  how, 
otherwife,  ihould  different  animals  relife  different  taftes.  The 
mechanifm  of  Nature  is  admirable  m this.”--P/i«.  Nat.  Hf. 
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tinguifh  between  pleafure  and  pain ; things  falu* 
tary,  and  things  hurtful  to  the  body. 

Thus  in  the  five  fenfes  of  animals,  we  have  an 
ceconomy  worthy  of  the  Creator,  and  manifeftly 
demonftrating  his  power,  wifdom,  and  indulgence. 
For  whether  we  confider  the  mechanifm  of  the 
organs,  or  the  great  ufe  and  convenience  of  each 
fenfe,  we  find  it  noble  and  grand,  curiouf  and  ar- 
tificial ; and  every  way  worthy  of  its  infinite  Ma- 
ker, and  beyond  the  wit  and  power  of  any  thing 
but  a God  : and  therefore  we  muft  even  deny  our 
fenfes,  by  denying  them  to.  be  God’s  handy- 
work. 

And  now  from  thofe  chief  machines  of  animal 
performances  and  enjoyments,  the  five  fenfes ; let 
us  pafs  to  another  thing  in  common  to  all  the 
fenfitive  creatures,  which  is  Refpiration* 
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Of  Refpiration. 

QP  all  the  afts  of  animal  life,  this  is  one  of  the 
chief,  and  moft  neceflary.  For  whatfoever 
hath  animal  life,  hath  alfo  the  faculty  of  refpi- 
ration, or  fomewhat  equivalent  thereto  (a).  In- 
deed 

(a)  The  ufes  afilgned  to  refpiration  by  all  the  anatomifts 
before  Malpighi’s  difcovenes  of  the  ftriiclure  of  the  lungs, 
are  fo  various,  and  many  of  them  fo  improbable,  that  it  would 
be  frivolous  to  recomit  them.  But  the  more  eminent  modern 
anatomifts  aflign  thefe  ufes.  Willis  thus  fums  up  his  opinion, 
Prtecipua  puhnonum  fundio^  Sff  ufus  funt,  fanguinem  fsf  aerem  per 
iotas  partium  compages,  intimofque  recffus,  atque  dudus  qnofqtte 
minutijjlmos  traducere,  ubique  invicem  committere  ; in  eum  nempe 
Jineniy  ut  fanguts  venofus  a circuit u redux,  chymo  recenti  dilulus, 

— turn  perfedius  mifceatur  •uelut  fubigatur,  turn  potijftmum  ut 
Jecundum  omnes  fuas  partes  ab  acre  nitrofo  de  novo  accendatur . — 
“ The  principal  funftion,  and  ufe  of  the  lungs,  is  to  tranfmit 
the  blood,  together  with  the  air,  through  all  the  organs,  and 
even  into  the  moft  minute  recefles  and  fmalleft  dufts,  and 
thence  to  fend  it  back  again.  So  that  the  venous  blood  return- 
ing from  its  circuit,  and  diluted  with  the  recent  chyune,  may  be 
more  perfe£lly  mixed  and  prepared  to  be  again  vivified  by  the 
nitrous  air.” — Pharmaceut.  p.  2.  f.  i.  c.  2.  f.  2.  Mayovi  faith 
rightly,  that  one  grand  ufe  of  expiration  Is,  Ut  cum  acre  expulfo, 
etiam  vapores  e fanguine  exbalantes,  Jimul  exfuffleniur. — “That 
together  with  the  air  breathed  from  the  lungs,  the  vapours 
exhaling  from  the  blood  may  be  llkewife  expelled.”  And  as 
for  infpiration,  that  it  conveycth  a nitro-acrial  ferment  to  the 
blood,  to  which  the  animal  fpirlts  are  owing,  and  all  mufcular 
motion.  Mayonv  de  Refpir.  p.  22,  ^c,  med  edit. 


Somewhat 


CH.  VII. 


OF  RESPIRATION. 


22  ]f 


deed  fo  congenial  is  this  with  life,  that  breath 
and  life  are  in  fcripture  phrafe  and  common 

fpeech 

Somewhat  of  the  opinion  of  thefe  two  laft  cited,  if  1 nriftake 
not  (it  being  long  fince  I read  their  trafts,  and  have  them  not 
now  at  hand,)  were  Ent,  Sylvius,  Swammerdam,  Dievterhroei, 
and  my  friend  Mr.  Ray,  in  an  unpubliihed  tradl  of  his,  and  his 
letters  now  in  my  hands. 

But  our  Dr.  Thurjlon,  for  good  reafons,  rejefts  thefe  from 
being  principal  ufes  of  refpiration,  and  thinks,  with  great  rea- 
fon,  the  principal  ufes  to  be  to  move,  or  pafs  the  blood  from 
the  right  to  the  left  ventricle  of  the  heart.  Upon  which  ac- 
count perfons  hanged,  drowned,  or  ftrangled  by  catarrhs,  fo 
fuddenly  die,  namely,  becaufe  the  circulation  of  their  blood  is 
flopped.  For  the  fame  reafon  alfo  it  is,  that  animals  die  fo 
foon  in  the  air-pump.  Among  other  proofs  he  inftanceth  in 
an  experiment  of  Dr.  Croon,  Profejf.  Grejh.  which  he  made 
before  our  R.  S.  by  llrangling  a pullet,  fo  that  not  the  leaft 
fign  of  life  appeared ; but  by  blowing  wind  into  the  lungs 
through  the  trachea,  and  fo  fetting  the  lungs  a playing,  he 
brought  the  bird  to  life  again.  Another  experiment  was  once 
tried  by  Dr.  Walter  Needham,  before  Mr.  Boyle,  and  others  at 
Oxford,  by  hanging  a dog,  fo  that  the  heart  ceafed  moving. 
But  haftily  opening  the  dog,  and  blowing  wind  into  the  duBus 
Pecquettanus,  he  put  the  blood  in  motion,  and  by  that  means 
the  heart,  and  fo  recovered  the  dog  to  life  again.  V.  Thurjlon 
de  Refpir.  Uf  p.  6o,  and  63.  med  Edit. 

Such  an  experiment  as  Dr.  Croon’s  my  friend,  the  late  juflly 
renowned  Dr.  Hooh,  Ihewed  alfo  our  R,  S.  He  cut  away 
the  ribs,  diaphragm,  and  pericardium,  of  a dog  ; alfo  the  top 
of  the  wind-pipe,  that  he  might  tie  it  on  to  the  nbfe  of  a 
pair  of  bellows ; and  by  blowing  into  the  lungs,  he  reftored 
the  dog  to  life  ; and  then  ceafing  blowing,  the  dog  would 
foon  fall  into  dying  fits ; but  by  blowing  again,  he  recovered  ; 
and  fo  alternately  would  die,  and  recover,  for  a confiderablc 
time,  as  long,  and  as  often  as  they  pleafed.  Philof.  Tran/. 
^o.  28. 
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fpeech  taken  as  fynonymous  things ; of  at  lead, 
neceflary  concomitants  of  one  another.  Mofes  (b) 

exprefleth 

For  the  farther  confirmation  of  Dr.  Thurjlonh  opinion,  the 
Ingenious  Dr.  Mufgrave  cut  off,  and  clofe  flopped  up  the  wind- 
pipe  of  a dog  with  a cork,  and  then  threw  open  the  thorax  ; 
where  he  found  the  blood  flagnating  in  the  lungs,  the  arteria 
fulmonaris,  the  right  ventricle,  and  auricle  of  the  heart,  and  the 
two  great  trunks^  of  the  cava,  diflended  with  blood  to  an  im- 
menfe  degree  ; but  at  the  fame  time,  the  vena  pulmonaris,  the 
left  ventricle,  and  auricle  of  the  heart  in  a manner  empty,  hardly 
a fpoonful  of  blood  therein.  Philof.  Tranf.  No.  240.  Or  both 
the  experiments  may  be  together  met  with  in  Lonvth,  Abridg, 
vol.  ili.  p.  66,  67. 

This  opinion  of  our  learned  Thurjlon,  the  late  learned  Eimul- 
Jems  efpoufed,  who  being  particular  in  reckoning  up  the  ufea 
of  refpiration,  I {hall  therefore  the  more  largely  cite  him.  Re- 
fpiration,  faith  he,  ferves,  \ . Ad  olfad.unu , 1- Ad  fcreatum  isf 
fptitationem.  3.  Ad  ofcitationem,  tifjim,  Jlernutationem,  emunSio- 
nemque.  4.  Ad  liquidorum  forbitionem,  fuSionemve,  Jf.  Ad  loque- 
lam,  cantum,  clamorem,  rifum,  Jletum,  Jlatum,  Ss" c.  6.  Ad  f£- 
cum  alvi,  urinte,  fcetus  moleeve,  necnon  fecundinarum  expulfsonem, 
7.  Ad  promovenda  ventriculi,  intejlinorum,  laHeorumque  vajorum^ 
Iffc.  contenta.  8.  Ad  halitus  aqueos  fanguinis  e pulmonibus,  aeris 
vpe,  exportandos,  9.  Ad  diapnoen.  JO.  Ad  exaBiorem  chyli, 
lymphaque,  necnon  fanguinis — mifcelam,  1 1 . Ad  canciliandum  fin- 
guini — coccineam  rubedinem,  life.  12.  Nec  morose  negabimust 
cerem — pulniones,  Ss*  fanguinem  illos  tranfeurreniem,  minus  ca- 
iida  redder e,  £sfr.  13.  ^bd  denique  air  fanguini  fingulis  re- 
fpirationibus  aliquantilld  fui  parte,  admixlus,  paucifjinias  quafdarn 
in  fpirituum  animalium  elaboratione  particulas  fimul  coniribuat.— 
“ I.  For  fmelling.  2.  For  hawking  and  fpitting.  3.  For  yawn- 
ing, coughing,  fneezing,  blowing  the  nofe.  4.  For  drinking 
and  fupping  up  liquors.  5.  For  fpeaking,  finging,  crying, 
laughing,  weeping,  blowing,  &c.  6.  For  propelling  the  feces 

by  flool  or  urine,  and  for  expelling  the  embryo,  and  the  after- 
birth. 7.  For  promoting  the  motion  of  the  contents  of  the 
ftoipach,  inteftines,  and  ladeals.  8.  For  carrying  off  from  the 


CH.  VII. 


OF  RESPIRATION. 


323 

exprefleth  animal-life,  by  the  breath  of  life.  Saith 
he,  Gen.  y}\i.  21,  22.  All  flejl:>  that  moveth  on  the 

earthy 

lungs  the  watery  particles  imbibed  by  the  blood.  9*  per- 
fpiration.  10.  For  the  more  perfed  mixture  of  the  chyle,  the 
lymph,  and  the  blood-  n-  For  giving  the  blood  its  florid 
red  colour.  J2.  Nor  can  we  deny  that  the  air  ferves  to  cool 
the  lungs  and  the  blood  palling  through  them.  13.  And  like- 
wife  that  the  air  at  each  refpiration,  mixing  itfelf  a little  with 
the  blood,  contributes  in  fome  degree  to  the  elaboration  of  the 
animal  fpirits.” — All  thefe  ufes,  although  of  great  confequence, 
yet  he  thinks  rather  conduce  to  the  well-beingf  than  the  being^ 
of  the  animal;  becaufe  without  any  of  them,  the  animal 
would  not  fo  fpeedlly  die,  as  it  doth  by  ftrangling,  or  in  the  air- 
pump.  He  therefore  afligns  a 14th,  and  the  principal  ufe  of 
refpiration  to  be,  For  tJ^e  pajftng  of  the  blood  through  the  lungty 
that  is  thrown  into  them  by  the  heart.  Etmull.  Diflert.  ii.  c.  lO. 
feR.  I.  and  16. 

But  the  late  Dr.  Drake,  with  great  Ingenuity  and  addrefs, 
(like  a perfon  fo  confiderable  for  his  years,  as  he  was  in  his 
time,)  not  only  eftabllilred  this  notion  of  refpiration,  but  alfo 
carries  it  farther,  making  it  the  true  caufe  of  the  diajlole  of  the 
heart ; which  neither  Borelle,  Lower,  or  Cowpsr,  much  lefs 
any  before  thofe  great  men,  have  well  accounted  for.  That 
the  heart  is  a mufcle,  is  made  evident  beyond  all  doubt  by 
Dr.  Lower.  And  that  the  motion  of  all  mufcles  confifts 
in  conftriftion,  is  not  to  be  doubted  alfo.  By  which  means 
the  fyftole’  is  eafily  accounted  for.  But  forafmuch  as  the 
heart  hath  no  antagonijl-mujcle,  the  diajlole  hath  puzzled  the 
greatefi;  wits.  But  Dr.  Drake  with  great  judgment,  and 
much  probability  of  reafon,  maketh  the  weight  of  the  incum- 
bent atmofphere  to  be  the  true  antagonijl  to  all  the  mufcles, 
which  ferve  both  for  ordinary  infpiration,  and  the  conftrlftiou 
of  the  heart.  The  particulars  of  his  opinion  may  be  feen  in 
his  anatomy,  /.  2.  c.  7.  And  in  Philof.  Lratf  No.  281. 

And  I remember  when  I was  at  the  univerfity,  my  mod 
ingenious  and  learned  tutor  Dr.  Wills,  when  he  read  anatomy 
to  us,  was  of  opinion,  that  the  lungs  were  blown  up  by  the 
1 1 weight 
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earth,  fowl,  cattle,  beaji,  creeping  things,  and  man ; 

* all  in  whofe  nojlrils  was  the  breath  of  life  in  the  dry 
land  died.  So  the  pfalmift,  Pfal.  civ.  29.  Thou 
iakeji  away  their  breath,  they  die.  So  grand  an 
therefore  in  common  to  all  animals,  may  juftly 
deferve  a place  in  this  furvey  of  the  works  of  God 
in  the  animal  kingdom. 

And  here  I might  launch  out  into  an  ample  de- 
fcription  of  all  the  parts  miniftring  to  this  neceflary*. 
a6f,  and  fliew  the  curious  contrivance,  and  artifi- 
cial ftrufture  of  them ; but  a tranfient  view  lhall 
fuffice,  I might  begin  with  the  outward  guards, 
the  nofe  and  mouth  j but  thefe  have  been  already 

weight  of  the  incumbent  air,  and  reprefented  the  manner  of 
refpiration  in  this  manner,  •01%.  he  put  a bladder  into  a pair 
of  bellows,  turning  back  the  neck  of  the  bladder,  and  tying  it 
fail,  fo  that  no  air  might  enter  in  between  the  bladder  and 
bellows.  This  being  done,  when  the  bellows  were  opened, 
the  bladder  would  be  blown  up  by  the  weight  of  the  incum- 
bent air ; and  when'  fliut,  the  air  would  be  thereby  prefled 
forcibly  out  of  the  bladder,  fo  as  to  blow  the  fire.  This  ex- 
periment I take  notice  of  here  ; becaufe  (befides  the  iUiillration 
it  gives  to  refpiration ) that  great  genius  feems  to  have  had  a 
truer  notion  of  this  phanomenon,  than  was  very  common  then, 
'Sfz.  about  the  year  1677,  or  1678  ; as  alfo,  becaufe  I have  in 
fome  authors  met  with  the  fame  experiment,  without  mention 
of  Dr.  Wills,  whofe  I take  it  to  have  been. 

Another  ufe  of  great  confideration,  the  already  commended 
Dr,  Cheynt  afllgns ; namely,  to  form  the  elaftic  globules  of 
which  the  blood  principally  confifts,  without  which  there 
would  be  a general  obftruftion  in  all  the  capillary  artenes. 
Cheyne's  Philfophical  Prin.  of  Natur.  Religion  ; or  Harris’s  Lex. 
T tch.  in  Lungs. 

(^)  Cen.ii.  7. — vi.  17.  and  vii.  15. 
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touched  upon.  But  the  exquifite  meehanlfm  of 
the  larynx^  its  variety  of  mufcles,  its  cartilages^ 
all  fo  exquifitely  made  for  the  purpofe  of  refpi- 
ratlon,  and  forming  the  voice  (r),  arc  very  admi- 
rable : and  no  lefs  fo  is  the  tongue  (^d\  which 
minifters  to  that,  and  mat^  other  ufes  too. 

‘ Nexti 

(c)  Becaufe  it  would  be  endlefs  to  fpecify  the  curious  mc- 
chanifm  of  all  the  parts,  concurring  to  the  formation  of  the 
voice  ; I fliall  therefore  for  a fample  rrote  only  two  things  r 

1.  There  are  thirteen  mufcles  provided  for  the  motion  of  the 
five  cartilages  of  the  larynx,  G'thf.  Ariflt.  1.2.  c.  14.  a fign  of 
the  careful  and  elaborate  provifion  that  is  made  for  the  voipei ' 

2.  It  is  a prodigious  faculty  of  the  glottis,  in  contradting  and 
dilating  itfelf  with  fuch  exquifitenefs,  as  to  form  all  notes.. 
For  (as  the  ingenious  Dr.  faith)  fuppoftng  the  greaiejl  dif- 
tance  of  the  two  ftdes  of  the  glottis  to  be  one  tenth  part  of  an 
tnch  in  founding  twelve  notes  (to  which  the  voice  eaftly  reaches)  ; 
this  line  mujl  be  divided  into  twelve  parts,  each  of  which  gives  the 
aperture  requ\fite  for  fuch  a note,  with  a certain  Jirength.  But 
if  we  conjider  the  fub-divifton  of  notes,  intd  which  the  voice  can. 
run,  the  motion  of  the  fides  of  the  glottis  is  fill  vajly  nicer. 
For  if  two  chords  founding  exaaly  unifons^  one  be  Jljortened  one 
two-thonfandth  part  bf  its  length,  a jujl  ear  will  perceive  the 
difagreemenl,  and  a good  voice  will  found  the  d'lfference,  which  is 
one  one  hundred  and  ninety  fixth  part  of  a note.  But  fuppofe  the 
nsoice  can  divide  a note  into  a hundred  parts,  it  follows  that  the 
different  apertures  of  the  glottis  aaually  divide  the  tenth  pait  of 
an  tnch  into  tweloie-hundred  parts,  the  effed  of  each  of  which  pro- 
duces a fenfible  alteration  upon  a good  ear.  But  becaufe  each  fide 
of  the  glottis  moves  juJl  equally,  therefore  the  divifions  are  mil 
double  ; or  the  ftdes  of  the  glottis,  by  their  motion,  do  aaually  dU 

^tde  one  tenth  part  of  an  inch  into  two  thoufand  four  hundred  parts. 
Keil’s  Anat.  c.  3.  fed.  7.  r 

{d)  Among  the  inftruments  of  fpeech,  the  tongue  is  a ne- 
ce  ary  one , and  fo  ncceifary,  that  it  is  generally  thought  no 

fpeech 
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Next,  the  fabric  of  the  (e)  trachea  deferves 
cfpecial  remark.  Its  valve,  the  epiglottis  on  the 

top, 

fpecch  can  be  without  it.  But  in  the  third  tome  of  the  Ephem. 
Germ,  is  publifhed,  yac.  Rolandi  jiglq/fojlomographia.  Jive  Z)e- 
Jcriptio  Oris  Jlne  Lingud  quo^perfeSe  loquitur,  fff  reliquas  fuas 
furiSiones  naturaliter  exercet.  * T*he  perfon  defcribed  is  one  Pet, 
Durand,  a French  boy  of  eight  or  nine  years  old,  who  at  five 
6r  fix  loft  his  tongue  by  a gangrene,  occafioned  by  the  fmall 
pox  : notwithftanding  w’hich,  he  could  (as  the  title  faith)  fpeak 
perfeftly,  as  alfo  tafte,*  fpit,  fwallow,  and  chew  his  food ; but 
this  latter  he  could  do  only  on  that  fide  he  put  it  into,  not 
being  able  to  turn  it  to  the  other  fide  his  mouth. 

In  the  fame  traft.  chap.  6.  is  this  obfervation  of  ventriloquous 
perfons  ; Memini  me  d quodam  fat  celehri  anatomico  audiv'Jfe,  dum 
de  duplicaturd  mediajlini  ageret,  fi  memlrana  ifta  duplex  naturaliter 
unita  in  duos  partes  dividatur,  loquelam  quafi  ex  pe8ore  procedere, 
vt  circunjlantes  credant  damottiacum  hunc,  aut  Jlernomythum. — 
“ I remember  I was  informed  by  a famous  anatomift,  in  fpeak- 
ing  of  the  doubling  of  the  mediejlinum,  that  if  that  double 
membrane,  which  is  naturally  united,  were  divided  into  two 
parts,  the  fpeech  would  proceed  from  the  brtaft,  fo  that  by- 
Itanders  would  believe  the  perfon  to  be  either  a demoniac  or  a 
ventriloquift.” 

(f)  The  variation  of  the  ujoind-pipe  is  ohfervahle  in  etery  crea- 
ture, aecording  as  it  is  necejfary  for  that  of  the  voice.  In  an 
lirchin,  auhich  hath  a very  fmall  voice,  it  is  hardly  more  than 
membranous  : and  in  a pigeon,  nvhich  hath  a lo<w  and  foft  note, 
it  is  partly  cartilaginous,  and  partly  membranous.  In  an  owl, 
■which  hath  a good  audible  note,  it  is  more  cartilaginous;  but 
that  of  a jay  hath  hard  bones  injlead  of  cartilages ; and  fo 
of  a linnet  : nvhereby  they  have  both  of  them  a louder  and  Jlronger 
note.  See. 

The  rings  of  the  ■wind-pipe  are  fitted  for  the  modulation  of  the 
voice:  for  in  dogs  and  cats,  nuhich  in  the  exprejion  of  divers 
pajftons  ufe  a great  many  notes  f as  men  do),  they  arc  open  and flex- 
ible, as  in  man.  fPhereby  all  or  any  of  them  art  dilated  or  con- 
i'■ trafftdf 
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top,  to  fence  againft  all  annoyances  * ; its  carti- 
laginous rings  {f)  nearly  environing  it,  with  its 
membranous  part  next  the  gullet,  to  give  the  freer 
paflage  to  the  defcent  of  the  food.  And  laftiy, 
its  inner  tegument  of  exquifite  fenfe  to  be  readily 
affe6led  with,  and  to  make  efforts  againft  every 


traded,  more  or  lefs,  as  Is  convenient  fot  a higher  or  deeper  note, 
&c.  nuhereas  in  fame  other  animals,  as  in  the  Japan  peacock, 
•which  ufeth  hardly  more  than  one  Jingle  note,  they  are  entire,  &c. 
Grew  s Cofmolog.  Sacr.  booh  i.  chap.  fed.  g,  lo. 

(/)  It  IS  a farther  manifeft  indication  of  fingular  defign  in 
the  cartilaginous  rings  of  the  ajpera  arteria,  that  all  the  way 
where  they  are  contiguous  to  the  tefophagus,  they  are  mem- 
branous, to  afford  an  eafy  paffage  to  the  food  ; but  after  that, 
in  the  bronchi,  they  are,  fome  completely  annular,  fome  trian- 
gular, ^c.  And  another  obfervable  is,  the  lower  parts  of  the 
fuperlor  cartilages,  receive  the  upper  parts  of  the  inferior  in 
the  bronchi ; whereas  in  the  ajpera  arteria,  the  cartUages  run 
and  remain  parallel  to  one  another;  which  is  a noble  difference 
or  mechamfm  in  this  (in  n manner)  one  and  the  fame  part, 
enabling  the  lungs  and  bronchi,  to  contrad  themfelves  in  ex- 
piration, and  to  extend  and  dilate  themfelves  in  infpiration. 


* Nothing  can  be  more  clearly  demonflrative  of  the  defign 
and  wifdom  of  the  great  Author  of  our  being,  than  that  ex- 
quifite contrivance  by  which  the  food,  in  its  way  to  the  fto- 
mach,  IS  made  to  pafs  over  the  opening  of  the  wind-pipe  by 

means  of  the  afmaUc^  yiUch,  being  preffed 

down  by  the  food  in  the  adion  of  fwallowing,  overlaps  and 
covers  the  orifice  of  the  wind-pipe,  thus  forming  a bridge  for 
Its  free  paffage,  and  nfing  again  by  its  natural  fpring  af  foon 
« the  food  has  paired  over  it,  in  order  to  allow  L infpiration 
and  expiration  of  the  air  from  the  lungs.  Editor. 
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thing  that  is  hurtful  or  offenfive ; thefe,  I fay,  do 
all  juftly  deferve  our  admiration. 

And  no  lefs  prodigious  are  the  parts  farther 
within ; the  bronchi,  the  veficula  {g),  with  their 
mufcular  fibres  {h),  as  fome  aflert  they  have,  to- 
gether 

{s)  ^ not  here  intrench  fo  much  upon  the  anatomill’s 
province,  to  give  a defeription  of  the  lungs,  although  it  be 
a curious  piece  of  God’s  workmanfhip  ; but  refer  to  feignior 
Malpighi,  the  firft  difeoverer  of  their  vejicula  in  1660,  in  his 
two  letters  to  Borelli  de  Pulmon.  Alfo  to  Dr.  Willis's  Pbann. 
Rat.  p.  2.  feft.  I.  cap.  i.  de  Refplr.  Orig.  £5*  Uf.  who  as  he 
wrote  after  Malpighi,  fo  hath  more  accurately  deferibed  thofc 
parts  ; and  to  Mr.  Cowper's  Anat.  tab.  24,  25.  And  if  the 
reader  hath  a mind  to  fee  what  oppofition  feignior  Malpighi'i 
difeoveries  met  with  at  home  and  abroad,  and  what  contro- 
verfies  he  had  on  that  account ; as  alfo  his  cenfures  of  Dr.  IVil- 
Tts'%  defeription  and  figures,  he  may  confult  Malpighi's  life 
written  by  himfelf,  p.  4 to  21. 

That  the  lungs  cionfift  of  veficulx,  or  lobuli  of  v^culd,  ad- 
mitting of  air  from  the  bronchi,  is  vifible,  becaufe  they  may 
be  blown  up,  cleanfed  of  blood,  and  fo  dried.  But  Mr.  Co<w- 
per  faith,  he  could  never  part  the  lobuli  (fo  as  to  make  Dr. 
Willis’s  fig.  I.  tab.  3,  and  4.) ; fo  that  probably  the  veficula  are 
contiguous  to  one  another  throughout  each  lobe  of  the  lungs. 
And  not  only  air,  but  Diemerbroeci  proves  that  the  v^cula 
admit  of  dull  alfo,  from  two  afthmatic  perfons  he  opened ; 
one  a flone-cutter’s  man,  the  vejicula  of  whofe  lungs  were 
fo  ftufFed  with  dull,  that  in  cutting,  his  knife  went  as  if 
through  an  heap  of  fand ; the  other  was  a feather  driver 
who  had  thefe  bladders  filled  with  the  fine  dull  or  down  of 
feathers. 

(h)  There  is  a confiderable  difference  between  Dr.  Willis 
and  ElmulLr,  viz.  whether  the  vjifula,  of  the  lungs  have  any 
mufcular  fibres  or  not?  A/waZ/fr;  exprefly' faith,  Nullas  Jibras 
mufculofas,  multo  minus  rubicundam  mufcidornm  compagem  (funt 

' cnin 
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gether  with  the  arteries  and  veins,  which  every 
Avhere  accompany  the  airy  paflages,  for  the  blood 
to  receive  there  its  impregnations  from  the  air. 

enim  veftcuhe  aWida  ^ fere  diaphance ) In  injts  reperiri. — “ That  no 
mufcular  filhes  are  to  be  found  in  them  ; much  lefs  the  red  corn- 
pages  of  the  mufcles  ; for  the  veficles  are  white  and  almoft 
tranfparent.” — Ubi  fupra,  c.  6.  feft.  2.  And  afterwards,  feft.  3,* 
Pulmones  ejfe  molles  jftexilefque,  mufculojis  Jilris  ceu  propria  explica- 
tionis  organis  dejlitutos. — “ That  the  lungs  are  foft  and  flexible, 
and  deftitute  of  mufcular  fibres,  or  the  organs  for  unfolding  or  dit 
lating  themfelves.” — But  Dr.  Willis  as  exprefly  aflferts,  they 
have  mufculous  fibres,  and  afligns  an  excellent  ufe  of  them  ; 
Cellula  ijlte  •veficulares ^ vt  nixus  pro  expiratione  contraBivos  edant^ 
etiam  fhras,  uti  per  microfcopium  plane  conjpicere  ejl,  mufculares  ob- 
tinent. — “ Thefe  veficular  cells,  as  appears  by  the  aid  of  a mi- 
crofcope,  have  likewife  mufcular  fibres,  in  order  that  they 
may  be  able  to  make  thofe  contractive  efforts  neceflary  for  ex-, 
piration.” — Ubi  fupra,  feCt.  16.  And  in  the  next  feCtion, 
Ut  pro  data  occqftone  major em  aeris  copiam  exfujlent,  aut  materiam 
extuffiendani  ejiciant,  Jibris  mufcularibus  donatx^  fefe  arBius  contra- 
hunt,  content aque  fua  penitus  exterminant.  Et  enim  ordinarie  pec- 
toris  fyjlola,  quas  mujculorum  relaxationes  ex  parte  effictunt,  aerem 
forfan  totum  a trachea  Clf  bronchiis,  hand  tamen  a veficulis,  qudque 
vice  ejiciunt  : propter  has  ( quoties  opus  erit ) inaniendas,  £3*  totius 
peBoris  cavitas  plurimum  angujlatur,  cellula  ipfa  veficulares  d. 
propriis  Jibris  conJlriBis  coarBanUtr.^^^  They  are  furniflied  with 
mufcular  fibres,  and  contraCf  themfelves  occafionally,  in  order 
to  throw  out  a greater  quantity  of  air,  to  ejea  the  fubftance 
to  be  coughed  up,  and  expel  their  contents,  For  the 
ordinary  contraftions  of  the  breaft,  effeaed  by  the  relaxation 
of  the  mufcles,  are  perhaps  fufficient  to  expel  the  air  from 
the  trachea  and  bronchia,  but  not  front  the  veficles;  but,  in 
order  to  empty  them,  not  only  the  whole  cavity  of  the  breaft 
13  contraaed,  but  the  veficular  cells  are  conffriaed  by  their 
proper  flbres.’* 
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From  hence  I might  proceed  to  the  commodious 
form  of  the  ribs  (/),  the  curious  mechanifm  of 
the  intercoftal-mufcles  (^),  the  diaphragm,  and 

(/)  Circa  hos  motus  \_fciL  pe9oris  dilataiionettit  l^c.^  divini  con- 
ditoris  mechanicen,  ad  regulas  maihematicas  plane  adaptam,  fatis 
admirari  non  pojfumus ; Jiqiitdem  nulla  alia  in  re  manifejlius  ‘o 
©se?  y-io/xelceTy  vldetur.  ^ippc  cum  peBoris,  turn  ampliatio,  turn 
coarBatio  a quibujdam  mufcuHs  ( quorum  munui  unicum  ejl  contra- 
Lere)  perjici  debeat ; res  ita  injlituitur,  ut  cojhe  qua  thoracis ^ velut 
parallelogrammi  oblongi  verfus  cylindrum  incurvati,  latera  ejformanl, 
in  Jiguram  modb  quadratam,  cum  anguUs  reBis,  pro  peBoris  ampli- 
atione ; modb  in  rhomboeidem,  cum  angulis  acutis  pro  ejufdem  ccn- 
traBione,  ducantur,  ^c. — “ With  regard  to  thofe  motions  (the 
dilatation  of  the  breaft,  &c. ) plainly  adapted  to  mathematical 
rules,  we  cannot  enough  admire  the  art  of  our  great  Creator, 
for  in  no  inftance  does  it  more  clearly  appear  that  the  Al- 
mighty Being  has  followed  the  exadleft  rules  of  geometry. 
For  as  both  the  dilatation  and  contraftion  of  the  breaft  is  per- 
formed by  the  means  of  certain  mufcles,  whofe  office  is  folely 
to  contraft,  it  is  fo  ordered  that  the  ribs  which  form  the  fides 
of  the  thorax,  like  oblong  parallelograms,  curved  fomewhat 
in  a cylindrical  form,  are  in  fome  refpefts  of  a fquare  figure 
with  right  angles,  for  the  dilatation  of  the  breaft  ; and  in  other 
refpefts  rhomboidal  with  acute  angles  for  its  contraftion.” — 
Willis,  ubi fupra,  feft.  28. 

(Z')  For  the  ftrufture  of  the  ititercojlals,  midriff",  &c.  I fhall 
refer  to  Dr.  Willis,  and  other  anatomifts.  But  Dr.  Drake  tax- 
eth  Dr.  Willis  ^vith  an  eiror,  in  fancying  there  is  an  oppofition 
in  the  office  of  the  intercoflak,  by  reafnn  that  the  fibres  of 
the  external  and  ‘internal  ititercojlals  decuftate  ; that  therefore 
the  external  ferve  to  raife  the  ribs,  the  internal  to  dr^w  them 
do\yn.  But  Dr.  Drake  is  of  Steno’s  and  Dr.  Mayo'Ut's  opinion, 
that  notwithftanding  the  decuflation  of  their  fibres,  the  power 
they  exert  upon,  and  the  motion  they  effeft  i>i  die  ribs,  is  one 
and  the  fame. — Drake's  Anat,  1.  2.  c.  7.  and  1.  4.  c.  5.  Mayoiv 
dtRefpir.  c.  7. 
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all  the  other  mufcles  (/)  miniftering  both  to  the  or- 
dinary, and  extraordinary  offices  of  refpiration. 

But 

(/)  Although  Dr.  Drale,  and  fome  others,  deny  the  inters 
cojlals  being  antagoniit-mufcles,  as  in  the  preceding  note ; yet 
they,  and  moft  other  anatomifts  that  I have  met  with,  attribute 
a confiderable  power  to  them  in  the  aft  of  refpiration,  as  tliey 
do  alfo  to  the  fubclavian  and  tnangular-mufcles  ; but  the  learned 
Etmuller  denies  it  for  thefe  three  reafons,  i.  ^ia  refpirando 
nullam  in  illis  contraBionem  fentio.  2.  ^lia—Jihi  invicem  non  ad- 
dncuntur,  &c.  3.  ^ia  coJl»  omnes  ab  aim  modb  enarratis  muf- 

cults  moventur,  idque  fmul,  &c.  Intercojlales  itaque,  necfion  fubclavios 
viujculos  cojlis,  parieium  tnjlar,  ad  compknda  mterjlitia  intetxojlaliaj 
peBufque  integrandum,  ac  cojlas  conneBendas,  inierteBos  ejfe,  proba- 
biUter  concludo  : quo  munere  triangulares  etiam — -fungi  rationi  confen- 
taneum  ejl. — “ i.  Becaufe  in  refpiring,  I perceive  no  contiac- 
tion  in  them.  2.  Becaufe  they  are  not  brought  clofe  to  each. 
3.  Becaufe  all  the  ribs  are  moved  by  the  mufcles  already  de- 
fcribed,  and  that  at  one  and  the  fame  time.  I therefore  con- 
clude, with  fome  degree  of  probability,  that  the  intercoftals, 
and  likewife  the  fubclavian  mufcles,  are  interwoven  with  the 
ribs,  in  order  to  fill  up  the  interftices  between  them,  and  con, 
neft  thp  ribs  together,  which  it  is  reafonable  to  think  is  like- 
wife the  office  of  the  triangular  mufcles.”— Difert.  ii. 
c.  4.  feft.  6. 

But  as  to  the  ufe  of  tlie  triangular-mufcle  in  refpiration,  we 
may  judge  of  it,  from  its  remarkable  fize  and  ufe  in  a dog  ; of 
which  Dr.  Willis  gives  this  account  from  Fallopius  : In  homine 
parvus  adeb  fubtilis  ifle  [mufculus]  ej^  uf  vix  pro  mxifcida  ac- 
dpi  queat  : in  cane  per  totum  os  peBoris  protenditur,  Sff  cartilagincs 
omnes,  etiam  verarum  cojlarum  Jlerno  inofctdalas,  occupat : cujus 
difcriminis  ratio  divinam  circa  animalium  fahricas  Providentiam 
plane  indigitat.  ^ippe  cum  hoc  animal,  ad  curfus  velocijfimos  £3* 
diu  continuandos  natum,  quo  fanguis,  dum  intenftiis  agitator,  rite  ac- 
cendatur  eventileturque,  a'erem  celerrime  for  titer  uti  infpirare,  if  a 
etiam  exfpirare  debet— idcirco  propter  hunc  aBum  firmius  obeundum 
( cujus  in  homine  hand  magnus  ejl  ufus)  mufculus  caninus  molem  in. 
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But  paffing  them  by,  I fliall  flop  at  one  prodigious 
tvork  of  Nature,  and  manifeft  contrivance  of  the 
Almighty  Creator,  which  although  taken  jiotice  of 
by  others  (/«),  yet  cannot  be  eafily  pafled  by  in  the 
fubjeft  I am  upon ; and  that  is,  the  circulation  of 
the  blood  in  the  foetus  in  the  woinb^  fo  different 

• from  the  method  thereof  after  it  is  born.  Iii  the 

’ womb,  'whilft  it  is  as  one  body  with  the  mother, 

aiid  there  is  no  occafion,  nor  place  for  refpiration, 

• there  are  two  paffages  {n)  on  purpofe  for  the  tranf* 

‘ ♦ million 

g(htnn  ^ tanto  open  parem  fortitur. — “ In  the  human  body  that 
mufcle  is  fo  fmall  and  flender,  that  it  can  fcarpely  be  held  as  a 
mufcle ; whereas  in  a dog  it  is  extended  over  the  whole  bread: 
bone,  and  embraces  all  the  cartilages,  even  thofe  of  the  true 
ribs  which  are  inferted  into  the  fternum : the  reafon  of  which 
difference  plainly  points  out  the  wifdom  of  Almighty  God  iit 
the  llruftuES  of  animals.  For  as  the  dog  is  formed  by  nature 
for  fwift  running  and  for  a long  continuance  of  it,  fo  in  order 
that  the  blood  which  is  intenfely  agitated,  may  be  properly  per* 
vaded  and  cooled  by  the  air,  he  is  fo  formed  as  to  infpire  and 
expire  wdth  great  force  and  celerity;  and  for  that  purpofe 
(w'hich  would  be  fuperfluous  in  the  human  body)  the  canine 
mufcle  is  formed  of  a great  fize,  and  fitted  to  fo  great  an  exer- 
tion.”— Willis,  uhifupra,  feft.  32. 

(ffj)  Ray’s  Wifdom  of  God  in  the  Creation,  p.  343. 

(n)  Mr.  Chefelden,  an  ingenious  and  moft  accurate  anatomift, 
having  fomevvhat  particular  in  his  obfervations  about  the  circu. 
Jation  of  the  blood  through  the  heart  of  the  fatus,  I (hall  prc- 
fent  the  reader  with  fome  of  his  obfers’ations,  which  he  favoured 
fne  with  the  fight  of.  The  blood  (faith  he)  nvhicb  is  brought  to 
the  heart  by  the  afcending  cava,  pcffes  aut  of  the  right  aur  'ule  into  the 
left,  through  a pajfage  called  foramen  ovale,  in  the  feptum  [com- 
mon  to  them  bothj  without  paffing  through  the  right  ventricle  ( as 
after  the  birth),  ’while  the  blood  from  the  defeending  qix\  z pajfetb 
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miffion  of  the  blood  without  paffing  it  through  the 
lungs.  But  as  fo«p  as  the  fostus  is  born,  and  be- 
come thereby  a perfeftly  diftinft  being,  and  breathes 
for  itfelf,  then  thefe  two  palTages  are  fhut  up  j one 
nearly  obliterated,  the  other  becomes  only  a liga- 
ment, except  in  fome  creatures  that  are  amphibious, 
or  are  forced  to  lie  long  under  water,  in  whom 
thefe  paifages  probably  remain  open  (o'). 

And 

> 

through  the  right  auricle  and  ’ventricle  into  the  pulmonary  artery,  and 
thence  into  the  aorta  through  the  dud,  betwixt  that  and  the  pulmonary 
artery,  called  dudllls  arteriofus,  whilft  a /mail  portion  of  the.blood, 
thrown  into  the  pulmonary  artery  pajfeth  through  the*liings,  no  more 
than  is  fuffcient  to  keep  open  the  pulmonary  vejfels.  Thus  both  'ven- 
tricles are  employed  in  driving  the  blood  through  the  aorta  to  all  parts 
of  the  foetus,  and  to  the  mother  too.  But  after  the  birth,  the  blood 
being  to  be  driven  from  the  aorta  through  the  foetus  alone,  and  not 
the  mother  too,  one  ventricle  becomes  fuff  dent,  whilfl  the  other  is  em- 
ployed in  driving  the  blood  through  the  lungs,  the  duftus  arteriofus 
being  Jhut  up  by  means  of  the  alteration  of  its  pofition,  which  happens 
to  it  from  the  raiftng  the  aorta  by  the  lungs,  when  they  become  inflated. 
After  that  the  blood  is  thus  driven  into  the  lungs,  in  its  return  it 
Jhuts  the  valve  of  the  foramen  ovale  againfl  the  foramen  itfelf,  to 
whofe  ftdes  it  foon  adheres,  and fo  flops  up  the paffage.  The  duftus 
arteriofus,  or  duftus  arteriofus  in  ligamentum  verfus,  is  fcldom  to 
be  difeernedin  adult  bodies,  but  the  figure  of  the  foramen  ovale  is 
never  obTiterated. 

(o)  It  hath  been  generally  thought  to  be  not  improbable, 
but  that  on  fome  occafions  the  foramen  ovale  may  remain  open 
in  man.  In  a girl  of  four  or  live  years  of  age.  Dr.  Connor  found 
it  but  half  clofed,  and  in  the  form  of  a crefeent.  And  he  thinks 
fomewhat  of  this  kind  might  be  in  the  perfon  whofe  /keleton 
was  found  to  have  no  joints  in  the  back-bone,  ribs,  ISc.  Of 
which  a defeription,  with  cuts,  may  be  found  in  Phil.  Tranf. 
No.  215.  And  more  largely  in  his  Difert.  Med.  Phyf.  de Jlu- 
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And  now  what  a6Hon  of  any  rational  creature, 
what  is  thefe  in  a man’s  life,  that  doth  more 

plainly 

pendo  qffium  coalitu,  where  he  adds  to  the  girl,  in  whom  the  for. 
ov.  was  not  Ihut,  a h'ke  obfervation  of  another  girl  he  opened  at 
Oxford  of  three  years  old  : In  qua  foramen  ovale  fere  erat  occlu- 
fum,  in  medio  tamen,  exi/i  foramine,  per  quod  turundam  facile  Iranf- 
mifi,  erat  pervium,  p.  30. — “ In  whom  the  foramen  ovale  was  al- 
moft  fhut,  but  in  the  middle  there  was  a fmall  opening  through 
which  I eafily  thruft  a probe.” — So  Mr.  Convper  (than  whom 
none  more  accurate  and  a better  judge)  faith,  I have  often  found 
the  foramen  ovale  open  in  the  adult.  Anat.  Append,  fig.  3. 
But  Mr.  Chefelden  is  of  a different  opinion.  Of  which  in  the 
following  note, 

From  fomewhat  of  this  caufe,  I j^m  apt  to  think  it  was  that 
the  Trominghohn  gardener  efcaped  drowning,  and  fome  others 
mentioned  by  Pechlin.  His  ftories  are,  Hortul(tnus.  Tronning- 
holmetfis  etiamnum  vivens,  annos  natuf  6^,  pro  ilia  elate  fatis  adhue 
valens  vegetus,  ctim  ante  1 8 annos,  alii  in  aquas  delapfo  opem  ferrf. 
vellet,  forte  fortund  ipfe  per  glaciem  incaulius  procedens,  aquas  in~ 
cidil  1 8 ulnas  profundas  : ubi  ille,  corpore  ereSo  quqfi  ad  perpend\- 
culum,  pedibus  funds  adhibit.  Conjliiit  Jic  per  16  boras,  anUqudm 
producereiar  in  auras.  Dixit  autem,  fimul  ac  infra  aquarurn  faper- 
jiciem  fuit  demerfus,  Jlatim  obriguijfe  tolum,  habuit 

mot  urn  iff  fenfum,  amififfe,  nifi  quod  foiuxutes  Stocholmii  campanas 
etiam  fuh  aquis  obfeurius  percipere fibijit  vifus.  Setfit  etiam,  flatim 
fefe  velut  vefculam  ori  appllcdffe,  qdeo  ut  aqaa  nulla  os  penetraverit, 
in  aures  verb  tranfitum,  etiam  fentiente  illo,  habuerit ; atque  tnde  air 
ditum  fuum  debililalunt  aliquandiu  effe.  Hoc  Jlatu  dum  16  bsoras 
pcrmtrfu  fruflrd  quejiius,  tandem  repertum,  conto  in  caput  infxa, 
cujus  etiam  fenfum  fe  babuijfc  dixit,  funds  extraxeriait,  fperantes  ex 
mure  atst  pet fuafione  gent\s  reviSurum  effe.  liaque  paiinis  lintcifque 
produlfum  obvolvunt,  ne  a'er  admitti  pojfit  peruiciofus  futurus  fubito 
illapfu  : cufodltum  fic  fatis  ah  aerc  fenjim  fetifimquc  tepidion  kco,  ad- 
movent  •,  max  calidis  adorluntur  faftiis, fricant,  radunt,  i^fuflamina- 
ium  tot  horis  finguinis  corporifque  motum  r.egotiosa  did  opera  redu- 
eunt : denique  antapopkblicis  iff  genialibus  hquoribus  vile  reddunt  iff 
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plainly  fliew  defign,  reafon,  and  contrivance,  than 
(his  very  ad  of  nature  doth  the  contrivance  and 

defign 

frijltna  moliJitati.  RetuUt  is  atque  ojlendit  fe  etiammim  in  capite  ctr- 
cumferre  wJHgia  viokntice  a conto  illatce,  Sff  cephalalgiis  •vexari  gra~ 
'u'tffmis.  Et  propter  hunc  tpfum  cafum,  religiose  a popularilus,  csf 
hujufce  ret  tejlihus  prolatum,  fereniffima  reginet  matris  munificentid  ^ 
annuo  Jlipendio  ejl  donatus — ferenif.  principi — ohlatus^'umus  Jut 
iejlis — Confignatam  manu  hales  hijloriam  D.  Tilqfii,  hiblioth.  reg. 
prtfeai,  qui  tejlatus  ejl  fe  pranovijfe  mulierem,  qua  tres  ipfos  dies  fub 
equis  hafit,  Cff  ftmilem  in  modum,  quo  hortulanus  ilk.,  refufcitata,  ad- 
huc  dum  lucis  plena  fruitur  ufurd.  Accedit  nob.  Burmanni—JdeSf 
qui  confejfus-ejl, — fe  in  pago  Bonefs  parochia  Pithovias  concionem 
frequentdjfe  fuiiehrem,  in  qud,  dum  a8a  recenferet  praco  fenis  cujufdam 
feptuagenarii  Laur.  Jonae — audiverit  ex  ore  concionaloris,  vivum 
eum,  adolefcentem  17  annorum,  aquis  fubmerfum,  7 demum  hebdomada 

f rem  prodigiofam  !)  extraSum  ad  fe  rediijfe  vivuni  incolumem 

“ A gardener  of  Tronningholm  who  is  yet  alive,  and  is  65 
years  of  age,  of  a freih  and  vigorous  conttitution  for  that  time  of 
life,  about  18  years  ago,  in  endeavouring  to  affift  a man  who  had 
fallen  into  the  water,  fell  in  himfelf  through  the  ice  where  the 
water  was  1 8 ells  in  depth,  and  fluck  with  his  feet  in  the  mud  at 
the  bottom,  Handing  in  an  eredl;  pofture.  He  remained  fo  for  16 
hours  before  he  was  brought  up.  He  told  that  as  foon  as  he 
had  funk  below  the  furface  of  the  water,- he  grew  immediately 
ftiff,  and  loft  all  fenfe  and  motion,  unlefs  it  was  a faint  percep- 
tion of  ftill  hearing,  as  he  thought,  under  water,  the  bells  of  Stock- 
holm. Pie  felt  likewife  as  it  wei-e  a bladder  applied  to  his  mouth, 
which  prevented  the  entrance  of  the  water,  which  however  he 
felt  coming  in  at  his  ears,  and  thence  he  fuppofes  his  hearing  was 
weakened. . Remaining  in  this  ftate,  he  was  fearched  for  to  no 
purpofe  for  1 6 hours ; at  length  being  found,  he  was  dragged 
from  the  bottom  by  a pole  fixed  in  his  head,  of  v/hich  he  re- 
membered  the  feeling  while  in  the  water.  The  people  as  ufual 
had  hopes  of  recovering  him,  and  having  wrapt  the  body  in  warm 
clotlics,  to  keep  it  from  the  fudden  influence  of  the  air,  and  re- 
moved It  by  degrees  from  a cooler  to  a v/armer  place,  they  then 

applied 
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defign  of  the  great  God  of  Nature?  What  is 
thought  and  contrivance,  if  this  be  not?  Namely, 

That 

applied  heated  coverings,  rubbed  the  body,  blew  into  it,  and  at 
length  in  the  fpace  of  fome  hours  they  brought  back  the  vital 
motion  and  the  circulation  of  the  blood.  Then  adminiltering 
antapopledlic  and  cordial  liquors,  they  reftored  him  entirely  to 
life.  He  fhewed  the  mark  on  his  head  from  the  ftroke  of  the 
pole,  and  was  for  fome  time  much  afflifted  with  violent  head- 
aches. On  account  of  this  accident,  which  was  proved  by  the 
teftlmony  of  all  the  neighbourhood,  he  had  an  annual  penfion 
conferred  on  him  by  the  bounty  of  the  queen-mother,  and  being 
prefented  to  the  prince,  bore  teftimony  hiftifelf  to  what  had 
happened  to  him.  The  ftory  is  vouched  under  the  hand  of 
Tillarius,  the  king’s  librarian,  who  likewife  bears  wltnefs  that 
he  khew  a woman  who  had  remained  for  three  days  under 
•ivater,  who  was  brought  to  life  in  the  fame  manner  as  the  gar- 
dener of  Tronningholm,  and  who  is  yet  alive.  To  this  is  added 
the  teftimony  of  Barman,  who  declares  that  in  a funeral  fermon 
in  the  parilh  church  of  Pithou,  of  an  old  man  of  70,  he  heard 
the  preacher  relate  that  the  fame  man,  when  a youth  of  17 
years  of  age,  had  been  drowned  and  remained  under  water 
feven  weeks,  (a  prodigy  indeed  !)  and  being  afterwards  drawm 
out,  had  moil  miraculoully  recovered. — Pechl'tn,  de  Aer.  AHm. 
Acf.  c.  10.  ■ 

. Shall  we  to  this  caufe,  or  to  the  oflification,  or  more  tlran  or- 
dinary ftrength  of  the  wind-pipe,  attribute  the  recovery  to  life 
_of  perfons  hanged  ? Of  which  Pechlin  gives  an  inftance  that  fell 
under  his  own  knowledge,  of  a woman  hanged,  and  in  all  ap- 
pearance dead,  but  recovered  by  a phyllcian  accidentally  coming 
in,  by  a plentiful  adminiftration  of  fpir.  fal.  armon.  Pechl.  ib. 
c.  7.  And  the  itory  of  Anne  Green,  executed  at  Oxford,  Dec.  14. 
j 650,  Is  ftill  well  remembered  among  the  feniors  there.  She  ’tveu 
hanged  hy  the  neck  near  half  an  hour,  fome  of  her  friends  in  the  mean- 
time thumping  her  on  the  Ireafl,  others  hanging  with  all  their  ‘weight 
upon  her  legs,  fumetimes  lifting  her  uj>,  and  then  pulling  her  down 
again  with  a fudden  jerkj  thereby  the  focner  to  difpatch  her  out  of  her 
1 1 pain  ; 
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That  there  flioulJ  be  a temporary  part  in  the  body, 
made  juft  for  the  prefent  exigence ; to  continue 
whilft  there  is  occafion  for  it,  and  to  ceafe  when 
there  is  none  ; in  fome  creatures  ^to  remain  always, 
by  reafon  of  their  amphibious  way  of  living,  and 
In  land-animals  (purely  fuch)  to  ceafe. 

Another  excellent  contrivance,  a-kin  to  the  laft, 
is,  for  the  prefervation  of  fuch  creatures  whofe  oc- 
cafions  frequently  neceftitate  them  to  live  without, 
or  vith  but  little  refpiration ; fillies  might  be 
named  here,  whofe  habitation  is  always  in  the 
waters ; but  thefe  belong  to  an  element  which  I 
cannot  at  prefent  engage  in.  But  there  are  many 
animals  of  our  own  element,  or  partly  fo,  whofe 
organs  of  refpiration,  whofe  blood,  whofe  heart, 
and  other  inftiTiments  of  life,  are  admirably  ac- 
commodated to  their  method  of  living  : thus  many 
amphibious  creatures  (y»),  who  live  in  water  as  well 

as 

pain  ; as  her  printed  account  wordeth  it.  After  fhe  was  in  her 
coffin,  being  obferved  to  breathe,  a lufty  fellow  ftamped  with  all 
his  force  on  her  bread  and  ftomach,  to  put  her  out  of  her  pain. 
But  by  the  alfiftance  of  Dr.  Petty,  Dr.  Willis,  Dr.  Bathmjl,  and 
Dr.  Clark,  fhe  was  again  brought  to  life.  I inyfelf  faw  her 
many  years  after,  after  that  fhe  had  (I  heard)  born  divers  chil- 
dren. The  particulars  of  her  crime,  execution,  and  refloration, 
fee  in  a little  pamphlet,  called  Ne-ws  from  the  Dead,  written,  as 
I have  been  informed,  by  Dr.  Bathurjl  (afterwards  the  moft 
vigilant  and  learned  prcfident  of  Trinity  College,  Oxon.),  and  pub- 
lifhed  in  1651,  with  verfes  upon  the  occafion. 

(/))  The  fea-calf  the  foramen  ovale,  by  which  means  it  is 

enabled  to  Itay  long  under  the  water,  as  the  Parif.  anatomifts. 
Of  which  fee  in  book  vi.  ehap.  5.  note  (r). 

But 
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as  air ; many  quadrupeds,  birds,  infefts,  and  other 
animals,  who  can  live  feme  hours,  days,  yea,  whole 
winters,  with  little  or  no  refpiration,  in  a torpitude, 
or  fort  of  lleep,  or  middle  hate  between  life  and 
death : the  provifion  made  for  thefe  peculiar  occa- 
fions  of  life,  in  the  fabric  of  the  lungs,  the  heart, 
and  other  parts  of  fuch  creatures  (q),  is  manifeftly 
the  work  of  Him,  who  as  St.  Paul  faith  (r)  Giveth  to 
all  breath.,  and  life,  and  all  things. 

But  the  fore-commended  Mr.  Chefelden,  thinks  the  foramen 
ovale  is  neither  open  in  amphibious  creatures,  nor  any  adult 
land-ainimals.  When  I frjl  (faith  he)  applied  myfelf  to  the  dip 
feBion  of  human  bodies.,  I had  no  di/lrujl  of  the  frequent  accounts  of 
the  foramen  ovale  being  open  in  adults ; but  I find  fince,  that  I 
tniftooh  the  oftium  venarum  coronariarum  for  the  foramen.  The 
like  I fuppofe  authors  have  done,  who  ajfert  that  it  is  always  open  in 
amphibious  animals  ; for  we  have  made  diligent  enquiry  into  thofe  ant~ 
mals,  and  never  found  it  open.  Neither  would  that  ( as  they  ima- 
gine ) ferve  thefe  creatures  to  live  under  water,  as  the  foetus  doth  in 
utero,  unlefs  the  duftus  arteriofus  was  open  alfo. 

This  opinion  of  Mr.  Chefelden  hath  this  to  render  it  probable. 
That  the  (flium  venarum  coronariarum  is  fo  near  the  foramen 
ovale,  that  without  due  regard,  it  may  be  eafily  miftaken  for  it. 
Such  therefore  as  have  opportunity  of  examining  this  part  in 
amphibious  animals,  or  any  other  fubjeft,  ought  to  feek  for  the 
oftium,  whenever  they  fufpeft  they  have  met  with  the  foramen. 

(q)  Of  the  fingular  conformation  of  the  heart  and  lungs  of  the 
tortoife,  w'hich  is  an  amphibious  animalj,  fee  book  vi.  chap.  5. 
note  (^ ). 

(r)  ABs  xvli.  25.  , 
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Of  the  Motion  of  Animals, 

N EXT  to  the  two  grand  a£ts  of  animal  life, 
their  fenfe  or  refpiration,  I fhall  confider 
their  motion^  or  lomnotive  faculty,  whereby  they 
convey  themfelves  from  place  to  place,  according 
to  their  occafions  and  way  of  life : and  the  admi- 
rable apparatus  to  this  purpofe,  is  a plain  de- 
monftration  of  God's  particular  forefight,  care, 
and  efpecial  Providence  towards  all  the  animal 
world. 

And  here  I might  view,  in  the  firft  place,  the 
mufcles,  their  curious  ftrudure  (a),  the  nice  tack- 

(a)  That  the  mufcles  are  compounded  of  fibres,  is  vifible 
enough.  Which  fibres,  the  curious  and  ingenious  Borel/i  faith, 
are  cyhndraceous  ; not  hollow,  but  filled  with  a fpungy,  pithy 
fubftance,  after  the  manner  of  elder,  as, he  difcovered  by  his  mi- 
Crofcopes.  Borel.  de  Mot.  Animal.  Part  i. 

Thefe  fibres,  he  faith,  are  naturally  white  ; but  derive  their 
rednefs  only  from  the  blood  in  them. 

Thefe  fibres  do  in  every  mufcle  (in  the  belly  at  leaft  of 
the  mufcle)  run  parallel  to  one  another,  in  a neat  orderly 
form.  But  they  do  not  at  all  tend  thte  fame  way,  but  fome 
run  aflant,  fome  long-ways,  according  to  the  aaion  or 
pofmon  of  each  refpedive  mufcle.  The  particulars  of  which, 

and  of  divers  other  obfervables  in  the  mufcles,  would,  befides 

igures,  take  up  too  much  room  in  thefe  notes  ; and ' therefore 
1 muft  refer  to  the  anatomifts,  particularly  SUtw,  JBorelli, 
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ing  them  to  eVery  joint,  to  pull  it  this  way,  and 
that  way,  and  the  other  way,  according  to  the 
fpecial  purpofe,  defign,  and  office  of  every  fuch 
joint ; alfo  their  various  fize  and  ftrength ; fomc 
large  and  corpulent,  others  lefs,  and  fome  fcarce 
vifible  to  the  naked  eye ; all  exaftly  fitted  to 
every  place,  and  every  ufe  of  the  body.  And 
laftly,  I might  take  notice  of  the  mufcular  motions, 
both  involuntary  and  fpontaneous  (b). 

Next,  I might  furvey  the  fpecial  fabric  of  the 
bones  (f),  miniftering  to  animal  motion.  Next,  I 

might 

(A)  The  infinite  Creator  hath  generally  ererted  his  art  and 
care,  in  the  provifion  made  by  proper  mufcles  and  nerves, 
for  all  the  different  motions  in  animal  bodies,  both  involun- 
tary and  voluntary.  It  is  a noble  Providence,  that  moll  of 
the  vital  motions,  fuch  as  of  the  heart,  ftomach,  guts,  Effr.- 
are  involuntary,  the  mufcles  ailing  whether  vve  deep  or  wake, 
whether  we  will  or  no.  And  it  is  no  lefs  providential  that 
fome,  even  of  the  vital  motions,  are  partly  voluntary,  partly  in- 
voluntarv^  as  that,  for  inllance,  of  breathing,  which  ia  per- 
formed both  fleeping  and  waking  ; but  can  be  fntermitted  for 
a Ihort  time  on  occafion,  as  for  accurate  hearing  any  things 
l^c.  or  can  be  increafed  by  a ftrongpr  blall,  to  make  the  greater 
dlfcharges  of  the  blood  from  the  lung?,  when  that  any  thing 
overcharges  them.  And  as  for  the  other  motions  of  the  body, 
as  of  the  limbs,  and  fuch  a.s  are  voluntary,  it  ia  a no  lefs  provi- 
dence, that  they  are  abfolutely  under  the  power  of  the  will ; fa 
as  that  the  animal  hath  it  in  his  power  to  command  the  mufclea 
and  fpirits,  or  any  part  of  its  body,  to  perform  fuch  motions  and 
ailions  as  it  hath  occafion  for. 

(f)  ^id  dicam  de  qjjibus?  qua  fulqeBa  corpori  mirabilct  conf 
mipiuras  hiibenty  iff  ad ftabilitatem  apicu,  iff  ad  artus  jinitndos  atcont- 
viodatas,  iff  ad  mot  urn,  iff  ad  oimcm  corporis  aSioaem.—^^  What 
fliall  we  fay  of  the  bones,  of  which  the  joinings  are  fo  admirably 

adapted 
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might  take  notice  of  the  joints  (d),  their  com- 
plete form  adjufted  to  the  place,  and  ofEce  they 

are 


adapted  both  for  ftrength,  for  motion,  and  for  every  aftibn  of 
the  body.” — Cicer.  de  Nat.  Dear.  1.  2.  c.  yy. 

By  reafon  it  would  be  endlefs  to  mention  all  the  curiofities 
obfervable  in  the  bones,  I ihall  for  a f>piple,  fmgle  out  only  an 
inftance  or  two,  to  manifeft  that  defign  was  ufed  in  the  ftrufture 
of  thefe  parts  in  man. 

The  firft  lhall  be  in  the  hack-bone,  (fee  Plate  A,  fig.  2. ) which 
among  many  others  hath  thefe  two  things  remarkable,  i . Its  dif- 
ferent articulations  from  the  other  joints  of  the  body.  For  here 
moft  of  the  joints  are  flat,  and  withal  guarded  with  afperities  and 
hollows,  made  for  catching  and  holding  ; fo  as  firmly  to  lock  and 
keep  the  joints  from  luxations,  but  withal  to  afford*  them  fuch  a 
motion,  as  is  neeeffary  for  the  incurvations  of  the  body.  2.  The 
difference  of  its  own  joints  in  the  neck,  back,  and  loins.  In  the 
neck,  the  atlas,  or  upper  ’vertebra,  as  alfo  the  dentata,  are  euri- 
oufly  made,  and  jointed  (differently  from  the  refl)  for  the  com- 
modious and  eafy  bending  and  turning  the  head  every  way.  In 
the  thorax,  or  bach,  the  joints  are  more  clofe  and  firm  ; and  in 
the  loins,  more  lax  and  pliant ; as  alfo  the  fpines  are  different, 
and  the  knobs  and  fockets  turned  the  quite  contrary  way,  to 
anfwer  the  occafions  the  body  hath  to  bend  more  there  than 
wgher  in  the  back.  I fhall  clofe  this  remark  with  the  in<renious 
Dr.  Keil’s  Obfervation. 


The  Jruffure  of  the  fpiile  is  the  very  hejl  that  can  be  contrived; 
/or  It  been  all  bone,  we  could  have  had  no  motion  in  our  backs  • 
had  it  been  of  two  or  three  bones  articulated  for  motion,  the  medulla 
Jjinahs  mufl  have  been  necejarily  bruifed  at  every  angle  or  joint  • 
beftdes,  the  whole  would  not  have  beenfo  pliable  for  the  fcveral  ho}- 
tures  we  have  occafton  to  put  ourfelves  in.  If  it  had  been  made  of 
feveral  bones  without  intervening  carfilages,  we  Jhould  have  had  no 
moreufe  of  it,  than  fit  had  been  but  one  bone.  If  each  vertebra  had 

lafly  ^e  oblique  procejfes  of  each  fperior  and  inferior  verte- 
bra the  middle  one  that  it  can  neither  be  thrujl  backwards  nor 

forwards 
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are  employed  in ; their  bandage,  keeping  them 
from  luxations ; the  oily  matter  (e)  to  lubricate 

them. 


forwards  to  comprefs  the  medulla  fpinalis.  Kell’s  Anat.  cap  c 
fed.  8. 

Compare  here  what  Galen  faith  of  the  articulations,  liga- 
ments, perforation,  iffc.  of  the  fpine,  to  prove  the  wifdom  and 
providence  of  the  Maker  of  animal  bodies,  againft  fuch  as 
found  fault  with  Nature’s  works  ; among  which  he  names  Dia- 
goras,  Anaxagoras,  Afekpiades,  and  Epicurus.  Vide  Galen,  de 
Uf.  Part.  1.  12.  init,  and  c.  ii,  ^c.  alfo  1.  13.  init. 

2.  The  next  inftance  lhall  be  in  one  or  two  tlungs,  wherein  the 
llceletons  of  the  two  fexes  differ.  Thus  thepelvis  made  in  the  belly 
by  the  ilium,  ojfa  coxendicis,  and  pubis,  fs  larger  in  a female  than 
male  fkeleton,  that  there  may  be  more  room  for' the  lying  of  the 
vifeera  and  fetus.  So  the  cartilage  bracing  together  the  two 
ojfa  pubis  or  Jharebones,  Barthaline  faith, ‘is  twice  thicker  and 
laxer  in  women  than  men  : as  alfo  is  the  cartilage  that  tieth  the 
os  facrum  to  its  vertebra  ; and  all  to  give  way  to  the  paflage  of 
the  fatus. 

Another  confiderable  difference  is  in  the  cartilagfnous  pro- 
du6lion  of  the  feven  long  ribs,  whereby  they  are  braced  to  the 
breafl-bone.  Thefe  are  liarder  and  firmei*  in  women  than  in 
men  ; the  better  to  fupport  the  weight  of  the  brealls,  the 
fucking  infant,  Sffr. 

(e/)  It  is  remarkable  in  the  joints,  and  a manifeft  atEl  of  caa- 
tion  and  defign  : i.  That  although  the  motion  of  the  limbs  be 

circular,  yet  the  centre  of  that  motion  is  not  in  a point,  but  an . 
ample  fuperficles.  In  a point,  the  bones  would  wear  and  pene- 
trate one  another ; the  joints  would  be  exceedingly'  weak,  tffc, 
but  the  joints  confiding  of  two  large  fuperficles,  concave  and 
cpnvex,  fome  furrowed  and  ridged,  fome  like  a ball  and  focket, 
and  all  lubricated  -with  an  oily  fubdance,  they  are  incomparably 
prepared  both  for  motion  and  drength.  2.  That  the  bones 
next  the  joint  are  not  fpiuigy,  as  their  extremities  commonly 
are,  not  hard  and  brittle,  but  capped  wltk  a drong,  tough, 

fmooth. 
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Fi^.i.  Front  rim-  of  the  human  Skeleton.  J^iarihy  the  Fabritk  disposition 
pf  the  Bones. 

Fig.  2.  the  Structure  of  the  Spine. 
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them,  and  their  own  finoothnefs  to  facilitate  their 
motion. 

fmooth,  cartilaginous  fubftance,  ferving  both  for  ftrengtlx  and 
motion. 

But  let  us  here  take  notice  of  what  Galen  mentions  on  this 
fubjeft.  Articuhrum  unnfquifqae  eminentiam  cavitati  hnrnijfam 
habet:^  venmtartien  hoc  fortajfe  non  adeb  mirahlle  ej  ; fed  ft,  con  ft- 
deratd  onuiium  totius  corporis  of  inn  niutud  connexione,  cminentias 
cavitatibus  fiifcipientihus  aquales  femper  inveneris  ; hoc  mirabile.  Si 
enimjifo  amplior  efet  ca-vitas,  laxus  Jane  W infrmus  feret  articulus  ; 
f frialor,  motus  difcuher  feret,  ut  qui  nullam  verfonem  habcret 
ac  periculum  ejfet  non  parvum,  eminentias  ofum  arSatas  franf : 
fed  horum  neutrum  faBum  ef.-^Sed  quoniam  ex  tarn  fecurd  '^on- 
fruBione  periculum  erat,  ne  motiones  difficilih  fereni,  ^ eminenfue 
ojfum  extererentur,  duplex  rurfus  auxilium  in  id  Naiur a molita  ef. 
•I.  Cartilagine  os  utrumquefubungens,  atque  oblinens  : altcrum,  ipfs 
carttlaginihus  humorem  unBuofum,  velut  oleum,  fuperf  undens ; per 
quern  facile  mobilis,  ^ altritu  contumax  omnis  articulatio  ojftum  faBa 
cf.—Ut  undique  diligenter  articulus  omnis  cufodiretur,  ligaments 
qwedam  ex  utroque  ofe  produxit  Natura — » Each  of  the  joints 
has  a large  round  extremity  inferted  into  a cavity.  Per  aps 
this  does  not  appear  fo  wonderful ; but  if  we  confider  the  mu- 
tual  conneaion  of  all  the  bones  of  the  bodjr,  we  /hall  find  thefe 
projeamg.  extremities  always  precifely  equal  to“  the  cavities. 
This  IS  indeed  admirable : for  obferve,  were  the  cavity  larger 
than  the  extremity,  the  joint  itfelf  would,  be  loofe  and  weak  • 
were  it  fmaller,  the  joint  could  not  move  or  turn  with  eafe,  and 

^ breaking  : but 

both  thefe  extremes  are  avoided.  Moreover,  left  from  fo  nice 

and  compaa  a ftruaure  there  ihould  be  either  a difficulty  of 
motion  or  a danger  of  the  bones  being  worn.  Nature  has  fe- 
niflied  a double  contrivance,  i.  Each  bone  is  proteaed  a 
cartilage,  and  2.  Thefe  cartilages  are  moiftened  by  an  unauous 
and  oily  lij, or,  rendering  the  joint  eafy  to  be  mLd,  and  fafe 
againft  friaion  Befides  thefe  contrivances  for  guaMing  the 

15  b?nc.»-Ll 
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And  lailly,  I might  trace  the  various  nerves 
throughout  the  body,  fent  about  to  mlnifter  to  its 
various  motions  (/).  I might  confider  their  orl- 

(tf)  For  the  affording  this  oily  or  mucilaginous  matter,  there 
are  glandules  very  commodioufly  placed  near  the  joints,  fo  as  not 
to  fuffer  too  great  compreffion  by  the  motion  of  the  neighbour- 
ing bones,  and  yet  to  receive  a due  preffure,  fo  as  to  caufe  a fuf- 
ficient  emifiion  of  the  mucilage  into  the  joints.  Alfo,  another 
thing  confiderable  is,  that  the  excretory  dufts  of  the  mucilagi- 
nous glands  have  fomf  length  in  their  paffage  from  the  glands  to 
their  mouths  ; which  is  a good  contrivance,  to  prevent  their 
mouths  being  oppreffed  by  the  mucilage,  as  alfo  to  hinder  the 
too  plentiful  effufion  thereof,  but  yet  to  afford  a due  ex- 
preffure  of  it  at  all  times  and  on  all  occafions,  as  particularly 
in  violent  and  long  continued  motions  of  the  joints,  when  there 
is  a greater  than  ordinary  expence  of  it.  See  Cotuper’s  AnaU 
‘Tab.  79. 

(/)  There  ?s  no  doubt  to  be  made,  but  that  the  mufcles  re- 
ceive their  motion  from  the  nerves.  For  if  a nerve  be  out,  or 
ffreightly  bound*  that  goes  to  any  mufcle,  that  mufcle  rtiall  ira- 
- mediately  lofe  its  motion.  Which  is  doubtlefs  the  cafe  of  pa- 
ralytics ; whofe  nerves  are  fome  of  them  by  obftrudflons,  or 
fuch  like  means  reduced  to  the  fame  ftate  as  if  cut  or  bound. 

And  this  alfo  is  the  caufe  of  that  numbnefs  or  JlcspineJs  we  find, 
oftentimes,  by  long  fitting  or  lying  on  any  part. 

Neither  is  this  a modern  notion  only  ; for  Galen  faith,  Princi- 
piur.i  nervorum  omnium  cerebrum  ejt,  (S’  fpinalis  medulla. — Et  nervi 
a cerehro  anhnalem  virtutem  accipiunt — Nervorum  utilitas  ejl  facul- 
tatem  fenjus  lA  motus  d principio  in  partes  dtdurere. — “ The  brain 
and  the  fpinal  marrow  is  the  beginning  of  all  the  nerves.  The 
nerves  receive  their  animal  virtue  from  the  brain.  Tlie  ufe  of 
the  nerves  is  to  communicate  feeling  and  motion  from  their  pri- 
mary feat,  through  all  the  parts  of  the  body.”^ — And  this  he 
intimates  to  have  been  the  opinion  of  Hippocrates  and  Plato,  de 
IT.  Fart.  1.  I,  c.  16.  & paffim. 
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gin  (^),  their  ramifications  to  the  feveral  parts, 
and  their  inofculations  with  one  another,  according 
to  the  harmony  and  accord  of  one  part  with  ano- 
ther, necelTary  for  the  benefit  of  the  animal.  But 
fome  of  thofe  things  I have  given  fome  touches 
upon  already,  and  more  I fhall  mention  here- 
after (>6),  and  it  would  be  tedious  here  to  infifl; 
upon  them  all. 

I fhall  therefore  only  fpeak  diflinaiy  to  the 
locomotive  ad  itfelf,  or  what  direftly  relates 
to  it. 

And  here  it  is  admirable  to  confider  the  various 
methods  of  Nature  (/),  fuited  to  the  occafions  of 
various  animals.  In  fome  their  motion  is  fwift,  in 
others  flow.  In  fome  performed  with  two,  four, 


(s')  thinks,  that  in  the  brain  the  fpirits  are  elabo- 

rated that  mmifter  to  voluntary  motion  ; but  in  the  cerebellum, 
luch  as  effed  involuntary,  or  natural  motions ; fuch  as  that  of 
the  heart,  the  lungs,  Cerebri  Anat.  c.  1 5. 

(^)  See  book  v.  chap,  8. 

(i)  To  the  foregoing,  I fhaU  briefly  add  fome  examples  of 
the  fpecial  prpvifion  made  for  the  motion  of  fome  animals  by 
temporary  parts.  Frogs  and  toads,  in  their  tadpolc:/?a.V,  Itave 
tails,  which  fall  off  when  their  legs  are  grown  out.  The  7a- 
ccrta  aquatica,  or  wa/er-a^-a;/,  when  young,  hath  four  neat  ra- 
mified fins,  two  on  a fide,  growing  out  a little  above  its  forelecrs, 
poife  and  keep  its  body  upright,  (which  gives  it  the  refem' 
blance  of  a young  fifli,)  which  fall  off  when  the  legs  are  grown. 
And  the  ayaiy,a  and  aurell^,  of  all  or  molt  of  the  Infeds  bred  in 
_ e waters,  as  they  have  particular  forms,  different  from  the 
mfeas  they  produce;  fo  have  alfo  peculiar  parts  afforded  them 

X ted  .„7k  " ,'7'"  ^ p« 

iHtmlelves,  m their  mature Jlate  in  the  air. 
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or  more  legs ; in  fome  with  two,  or  four  wings  ; in 
fome  with  neither  (k). 

And  firft  for  fwift  or  flow  motions.  This  we 
find  is  proportional  to  the  occafions  of  each  refpec- 
tive  animal.  Reptiles,  whofe  food,  habitation,  and 
nefts,  lie  in  the  next  clod,  plant,  tree,  or  hole, 
or  can  bear  long  hunger  and  hardfliip,  they  need 
neither  legs  nor  wings  for  their  tranfportation ; 
but  their  vermicular  or  fmuous  motion  (performed 
with  no  lefs  art,  and  as  curioufly  provided  for  as 
the  legs  or  wings  of  other  creatures  j this,  I fay) 
is  fufficient  for  their  conveyance. 

Man  and  heajts,  whofe  occafions  require  a large 
room,  have  accordingly  a fwifter  motion,  with 
proper  engines  for  that  fervice ; anfwerable  to  their 
range  for  food,  their  occupation  of  bufinefs,  or 
their  want  of  armature,  and  to  fecure  them  againfl: 
harms  (/}. 

But 

(i)  yam  vero  alia  anlmalla  gradtendo,  alia  fcrpendo,  ad pajlun 
accedunty  alia  ‘volaudo,  alia  nando. — “ Some  animals  feek  their 
food  in 'walking,  others  in  creeping,  others  in  flying,  and  others 
again  in  fwimming.” — Cic.  de  Nat.  Dear.  1.  2.  c.  47. 

Compare  alfo  what  Galen  excellently  obferves  concerning  the 
number  of  feet  in  man,  and  in  other  animals  ; and  the  wife  pro- 
vifzon  thereby  made  for  the  ufe  and  benefit  of  the  refpeftive  ani- 
mals. De  Uf  Part,  in  the  beginning  of  the  third  book. 

(!)  As  I fhall  hereafter  flicw,  that  the  indulgent  Creator 
hath  abundantly  provided  for  the  fafety  of  animals  by  their 
cloathing,  habitations,  fagacity  and  inilruments  of  defence  ; fo 
there  appears  to  be  a contcmpcramcnt  of  their  motion  with  thefe 
provifions.  They  that  arc  well  armed  and  guarded,  have  com- 
monly a flower  motion  ; whereas  they  that  are  deftitute  thereof, 

arc 
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But  for  the  winged  creatures  (birds  and  infers), 
as  they  are  to  traverfe  largs  trafls  of  land  and 
water,  for  their  food,  for  their  commodious  habit- 
ation, or  breeding  their  young,  to  find  places  of 
retreat  and  fecurity  from  mifchiefs ; fo  they  have 
accordingly  the  faculty  of  flying  in  the  air  ; and 
that  fvviftly  or  flowly,  a long  or  a fhort  time,  ac- 
cording to  their  occafions  and  w'ay  of  life.  And 
accordingly  their  wings,  and  whole  body,  are  curi-  • 
oufly  prepared  for  fuch  a motion ; as  I intend  to 
fhew  in  a proper  place  (jii). 

Another  remarkable  thing  in  the  motive  faculty  ' 
of  all  creatures,  is  the  neat,  geometrical  perform- 
ance of  it.  The  moft  accurate  mathematician, 
the  moft  fkilful  in  mechanic  motions,  cannot  pre- 
fcribe  a nicer  motion  (than  what  they  perform^  to 
the  legs  and  wings  of  thofe  that  walk  or  fly  («), 
or  to  the  bodies  of  thofe  that  creep  (o).  Neither 
can  the  body  be  more  completely  poifed  for  the 
motion  it  is  to  have  in  every  creature,  than  it  al- 
ready adually  is.  From  the  largeft  elephant  to 
the  fmalleft  mite,  we  find  the  body  artfully  ba- 
lanced (p')»  The  head  not  too  heavy,  nor  too 

light 

are  fwifter.  So  alfo  timid  helplcfs  animals  are  commonly  fwift  • 
thus  deer  and  hares : but  animals  endowed  with  courao-e,  craft 
arms,  Iffc.  commonly  have  a flower  motion.  ^ 

(wz)  See  look  vii.  chap.  i. 

(n)  See  look  vii.  chap.  the  end. 

(0)  See  look  ix.  chap.  i.  note  (e). 

(/>)  Siqms  unquam  aims  opifex,  aqualitatu  proportionis  ma?- 
nam  haluit  provtdentkm,  cert'e  Natura  haluit  in  animalium  corpo. 

^ ^ rilui 
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light  for  the  refl;  of  the  body,  nor  the  reft  of  the 
body  for  it  (q).  The  vifcera  are  not  let  loofe,  or 
fo  placed,  as  to  fwag,  over-balance,  or  over-fet  the 
body;  but  well-braced,  and  diftributed  to  maintain 
the  asquipoife  of  the  body.  The  motive  parts  alfo 
are  admirably  well  fixed  in  refpeft  to  the  center 
of  gravity  ; placed  in  the  very  point,  fitteft  to  fup- 
port  and  convey  the  body.  Every  leg  beareth  its 
true  ftiare  of  the  body’s  weight.  And  the  wings 
fo  nicely  are  fet  to  the  center  of  gravity,  as  even 
in  that  fluid  medium^  the  air,  the  body  is  as  truly 
balanced,  as  we  could  have  balanced  it  with  the 
njceft  fcales, 

r 'lhns  conformandts ; unde  Hippocrates  earn  reSypmsjuftam  nominal.'^ 
“ If  ever  artift  fhowed  in  his  works  an  attention  to  fymmetry 
and  proportion,  certainly  Nature  has  done  fo  in  the  ftrudure  of 
the  bodies  of  animals  : with  good  reafon  then  has  Hippocrates 
termed  her  the  moft  accurate  artificer.”. — Gcden  de  Uf.  Part. 
1.  2.  c.  1 6, 

(y)  The  make  of  the  bodies  of  fome  water-fowl,  feems  to 
contradift  what  I here  fay,  the  heads  and  long  necks  of  fome, 
as  of  fwans,  ducks,  and  geefe  j and  the  hinder  parts  of  others, 
as  of  the  doucker  and  moor-hen,  and  fome  other  kinds,  feeming 
to  be  too  heavy  for  the  reft  of  their  body.  But  inftead  of  being 
an  argument  againft,  it  is  a notable  infiance  of,  the  Divine  art 
and  providence,  thefe  things  being  nice  accommodations  to  their 
■v-.-ay  of  life.  Of  fuch  as  have  long  necks,  fee  bock  v^ii.  chap,  z, 
note  ( i ) . 

And  as  for  fueji  whofe  hinder  parts  feems  to  over-balance 
their  foremoft  parts,  T^  hereby  they  fly  with  their  bodies  in  a 
manner  creft,  this  alfo  is  an  excellent  accommodation  to  their 
v/ay  of  life,  which  is  diving  rather  than  flying.  Vide  book  vii, 
chap.  note  {^k). 
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But  among  all  creatures,  none  more  elegant 
than  the  fizing  the  body  of  man^  the  gauging  his 
body  fo  nicely,  as  to  be  able  to  Hand  ereft,  to 
(loop,  to  fit,  and  indfeed  to  move  any  way,  only 
with  the  help  of  fo  fmall  a flay  as  the  feet  (r) : 
whofe  mechanifm  of  bones,  tendons,  and  mufcles 
to  this  purpofe,  is  very  curious  and  admirable. 

(r)  See  v.  2.  no/e 


i 
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• \ * ■> 

Of  the  Place  allotted  to  the  feveral  Tribes  of  Animals, 

pjAVING  difpatched  the  motion  of  animals,  let 
us  in  the  next  place  confider  the  Place  which 
the  infinitely  wife  Creator  hath  appointed  them  to 
move  and  adl,  and  perform  the  offices  of  the  crea- 
tion in.  And  here  we  find  every  particular  well 
ordered.  All  parts  of  our  terraqueous  globe  fit 
for  an  animal  to  live  and  aft  in,  are  fufficiently 
flocked  with  proper  inhabitants : the  watery  ele- 
ment (unfit,  one  would  think,  for  refpiration  and 
life)  abounding  with  creatures  fitted  for  it;  its 
bowels  abundantly  ftored,  and  its  furface  well  be- 
fpread.  The  earth  alfo  is  plentifully  flocked  in  all 
its  parts,  where  animals  can  be  of  any  ufe  *,  not 

probably 


* A German  profefibr,  Mr.  Zimmerman,  in  a ver}-  cu- 
rious work,  intitled  Specimen  Zoologia  Geographic, t,  has  found  o, 
moft  ingenious  method  of  exhibiting  to  the  eye  the  various 
tribes  and  fpecies  of  animals  with  whicli  the  earth  is  peopled, 
£>nd  the  climates  and  countries  which  the  different  fpecies  in- 
habit. He  gives  a map  of  the  world,  in  which,  inftead  of  towns 
and  remarkable  places,  the  names  of  the  diflcrent  animals  occupy 
the  feveral  regions  wliere  they  are  in  reality  to  be  found.  This 
plan  is  confined  to  the  different  fpccics  of  quadrupeds  : but  the 
fame  idea  may  be  purfued,  not  only  in  the  other  clafTcs  of  ani- 
jnalt,  fuch  as  reptiles,  birds,  fifiics,  &c,  but  may  be  extended  to 
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probably  the  deepeft  bowels  thereof  indeed,  being 
parts  in  all  likelihood  unfit  for  habitation  and 

adlion. 


the  vegetable  and  mineral  kingdoms.  In  this  way  a fet  of  phy- 
■fical  maps  might  be  conftrudled,  which  would  be  of  eminent  ufc 
in  the  ftudy  of  natural  hiftory.  I have  for  the  reader’s  fatisfaftlon 
given  in  the  annexed  plate  a copy  of  a part  of  Mr.  Zimmerman’s 
map,  including  Europe,  with  a portion  of  Alia  and  Africa. 
Tlie  animals  are  named  according  to  the  nomenclature  of  Lln- 
njBus ; but  the  fmallnefs  of  the  fcale  of  the  original  rendering 
vai-ious  abbreviations  necellary,  thefe  are  explained  in  the  fol-. 
lowing  Ihort  table. 

Tie  Abbreviations  of  Mr.  Zimmerman’s  Tinted  Map 

explained. 


A.  afinus,  Afs 

Ant.  antil.  i,  antilope  leu* 
cophasa,  Antelope 


Ant.  2. 

antilope  bezoartica 

Ant.  3. 

oryx 

Ant.  4. 

feripta 

Ant.  5. 

grymmia 

Ant.  6. 

cervula  parva  Afric. 

Ant.  7. 

antilope  tragocamek 

Ant.  8. 

leucopus 

Ant.  9. 

dama 

Ant.  10. 

redunca 

Ant.  II. 

— ftrepficeros 

Ant.  12. 

■ cervicapra 

Ant.  13. 

dorcas 

Ant.  14. 

kevella 

Ant.  15. 

• tzeiran 

Ant.  16. 

fcythica 

Ant.  17. 

bubalis 

Ant.  18. 

roba 

Antil.  var.  antilopse  variae 

Apf  aper,  Boar 

B.  bos,  Ox 

Bubal,  bubalis,  Biffdo 

C.  canis,  Dbg 
Capre.  capreolus,  Roe 
Cp.  capra,  Goat 

Ct.  cattus.  Cal,  Ct.  f.  cattus 
ferinus 

Cerv.  cervus,  Stag 

Cun.  cuniculus,  Rablit  ’ 

Dm.  dama.  Doe 

E.  equus,  Horje 

Erin,  erinaceus,  Hedge-hog 

Inuus.  limia  inuus 

E.  lupus.  Wolf 

Le.  lepus,  Hare 

M-  1 . mus  amphibius, Sec, 

M.  2.  mus  rattus,  Rat 

M.  3.  fturmulot 

M.  4.  mus  mufculus 

M.  5.  mus  terreftris 

M.  6.  mus  fylvatuus 

Mf  7.  mus  fylvaticus  minor. 

M. 
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adtion,  and  where  a living  creature  would  be  ufelefs 
in  the  world ; but  the  furface  every  where  abun- 
dantly ftored  f. 

But 


M.  8.  musgre^rlusvelfocialis 
M.  10.  mus  agrarlus 
M.  II.  mus  miautus 
M.  12.  mus  avellanarum 
M.  14.  mus  quercinus 
M.  15.  mus  tamarifcinus 
Muft.  muftela,  Weafel 
O.  ovis,  Sheep 

Putpr.  multela  putorius,  Polecat. 

S.  fus,  Sow 

Sc.  fciurus  vulgaris,  Squirrel 
Sc.  vel  fciurus  volans 

T.  talpa  vulgaris,  Mole 
T.  c.  talpa  caudata 
Tax.  taxus  feu  mcles 
V.  vulpes.  Fox 

Vefp.  I.  vefpertllio  vampirus 

Vefp.  2. fpedlrum,^a/ 

Veh>.  3.  ^haftatus 


Vefp.  4.  vefpertilio  perfpicil- 
latus 


Velp.  5. 

fpafma 

Vefp.  6. 

foricinus 

Vefp.  7. 

leporinui 

Vefp.  8.  

— mololTus 

V efp.  9.  — - 

nigrita 

Vefp.  IO. 

barbatu* 

Vefp.  I I.  — 

pidlus 

Vefp.  12.  . — 

canadenfis 

Vefp.  13.  

■ ccphalotes 

Vefp.  14.  — 

— Hiurinus 

Vefp.  i'5. 

noAula 

Vefp.  16.  

folea 

Vefp.  17.  

auritus 

Vefp.  18.  

— — — ferotinus 

Vefp.  19.  

pipiftrellui 

Vefp.  20.  — 

barbaftelui 

Vefp.  21.  — 

lepturus 

Editor. 

■f  There  is  nothing  more  worthy  of  obfervation  than  that 
admirable  occonomy  of  Nature,  by  which  the  fame  animal  accom- 
modates itfelf  to  a change  of  clim.ate  or  of  manner  of  living, 
and  adopts  habits  and  propcnfities  fuitablc  to  its  new  fituation. 
At  the  Cape  of  Good  Hope  the  oftrich  inclines  to  fit  on  her 
eggs  like  any  other  bird ; but  in  Senegal,  where  the  heat  is 
great,  file  leaves  them  to  the  fun  during  the  heat  of  the  day. 
In  thofe  countries  where  prpvifions  can  be  found  during  the 
greatell  part  of  the  year,  the  bee  gradually  lofes'the  propenfity  of 
laying  up  ftores  for  tlie  feafon  of  winter  ; and  in  thofe  countries 
infefted  with  monkies,  many  birds  which  In  other  climates  build 
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But  that  which  is  moft  conhderable  in  this  mat- 
ter, and  plainly  flieweth  the  divine  management  in 
the  cafe,  is,  that  thofe  creatures  are  manifeftly  de- 
figned  for  the  place  in  which  they  are,  and  the  ufe 
and  fervices  they  perform  therein  If  all  the 

animals 


in  bufhes  and  the  clefts  of  trees,  fufpend  their  nefts  upon  (lender 
twigs,  and  by  this  ingenious  device  elude  the  rapacity  of  their 
enemies.  But  this  accommodating  power  of  animals  is  in  no- 
thing more  truly  wonderful,  than  in  fome  fafts  relative  to 
generation.  It  is  a faft  well  known  to  naturalifts,  that  certain 
animals  are  at  one  time  oviparous,  and  at  another  viviparous. 
Mr.  Bonnet  has  difeovered  that  the  puceron  or  vine-fretter, 
which  generally  propagates  by  an  intercourfe  of  fexes,  is  not 
only  oviparous  at  one  period,  and  viviparous  at  another,  but  In 
all  cafes  where  the  union  of  the  fexes  Is  not  to  be  obtained,  can 
cafily  accomplifh  all  the  purpofes  of  generation  without  it. 

Editor. 

% Of  this  admirable  ceconomy  the  rein  deer  furniihes  a ftrong 
example.  This  animal  is  peculiar  to  the  northern  regions  of 
Lapland,  Greenland,  See.  and  ferves  to  fupply  moft  of  the 
wants  of  the  inhabitants  of  thofe  countries  fo  little  favoured  by 
Nature.  While  its  food  is  nothing  elfe  than  a fpecies  of  mofs 
which  grows  upon  the  rocks  and  barren  mountains,  its  flefh 
furnifhes  a rich  and  wholefome  aliment,  its  milk  a nutritive  and 
delicious  beverage,  its  Ikin  a warm  cloathing,  and  its  bodily 
ftrength  and  fleetnefs  a fpeedy  and  commodious  conveyance 
for  tranfporting  its  mafter  over  the  tracdilcfs  wilds  of  a country, 
which  for  tltree- fourths  of  the  year  prefeht,s  an  unvaried  furface 
of  hardened  fnow.  The  rein  deer  will  draw  the  fledge  for  30  or 
40  miles  at  a ftretch,  without  tailing  food.  In  this  fervice  he 
continues  for  15  or  16  years;  and  when  his  ftrength  begins  to 
fail,  he  Is  then  flaughtered  for  provifion  to  the  family.  HiS 
blood  is  preferved  in  fmall  callis,  together  with  the  marrow,  and 

will 
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animals  of  our  globe  had  been  made  by  chance,  or 
placed  by  chance,  or  without  the  Divine  Providence, 
their  organs  would  have  been  otherwife  than  they 
are,  and  their  place  and  refidence  confufed  and 
jumbled.  Their  organs  (for  inftance)  of  refpira- 
tion,  of  vifion,  and  of  motion,  would  have  fitted 
any  medium^  or  have  needed  none  j their  ftomachs 
would  have  ferved  any  food,  and  their  blood,  and 
covering  of  their  bodies  been  made  for  any  clime, 
or  only  one  clime.  Confequently  all  the  animal 
world  would  have  been  in  a confufed,  inconve- 
nient, and  diforderly  commixture.  One  animal 
would  have  wanted  food,  another  habitation,  and 
moft  of  them  fafety.  They  would  have  all  flocked 
to  one,  or  a few  places,  taken  up  their  r'efl;  in  the 
temperate  zones  only,  and  coveted  one  food,  the 
eafiefl;  to  be  come  at,  and  mofl;  fpecious  in  fhew ; 
and  fo  would  have  poifoned,  flarved,  or  greatly  in- 
commoded one  another.  But  as  the  matter  is  now 
ordered,  the  globe  is  equally  befpread,  fo  that  no 


will  keep  frefii  for  many  months.  His  horns  are  converted  into 
glue  ; his  finews  form  a very  ftrong  thread  for  fewing  the  gar- 
ment which  is  made  of  his  flein.  The  tongues,  which  are  con- 
fuiered  as  a great  delicacy,  are  dried  and  fold  into  the  more 
fouthern  provinces.  The  milk  of  the  females  is  made  into 
butter  and  cheefe,  of  which  the  whey,  by  a mixture  of  wood 
forrel,  becomes  a kind  of  fermented  liquor,  of  a flavour  not  un- 
pleafant,  and  remarkably  wholefome.  Thus  this  Angle  animal 
fupplies  to  the  Laplander  and  Greenlander  almoft  all  the  wants 
and  conycniencies,  in  foiue  refpedls  even  the  luxuries,  of  life. 

Editor. 

place 
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place  wanteth  proper  inhabitants,  nor  any  creature 
is  deftitute  of  a proper  place,  and  all  things  necef- 
fary  to  its  life,  health,  and  pleafure.  As  the  furface 
of  the  terraqueous  globe  is  covered  with  different 
foils,  with  hills  and  vales,  with  feas,  rivers,  lakes 
and  ponds,  with  divers  trees  and  plants,  in  the  fe- 
veral  places  ; fo  all  thefe  have  their  animal  inhabi- 
tants, whofe  organs  of  life  and  a£lion  are  mani- 
feftly  adapted  to  fuch  and  fuch  places  and  things  ; 
whofe  food  and  phyfic,  and  every  other  convenience 
of  life,  is  to  be  met  with  in  that  very  place  ap- 
pointed it.  The  watery,  the  amphibious  (<2),  the 
airy  inhabitants,  and  thofe  on  the  dry  land  furface, 
and  the  fubterraneous  under  it,  they  all  live  and 
aft  with  pleafure,  they  are  gay,  and  flourifh  in  their 
proper  element  and  allotted  place,  they  want 
neither  for  food,  cloathing,  or  retreat ; which 
would  dwindle  and  die,  deftroy,  or  poifon  one  an- 
other, if  all  coveted  the  fame  element,  place,  or 
food. 


(a)  EJl  etiam  admiratio  norinulh  In  hejliis  aquatililus  ils,  qus 
gignuntur  in  terra  : veluti  cr^codili,Jluviatilefque  tejludines,  quadam^ 
que  fer pent es  orta  extra  aquam,  Jtmul  ac  pr'mum  niti  pojfunt,  aquam. 
perfequuntur . ^in  etiam  anatum  ova  gallinis  ftspe  fupponimiis — 
[Ipulli^  deinde  eas  [^matresj  reliitquunt — £5”  ^ugiunt,  cum  primum 
aquam f que^  naturalem  do'jnumy  videre  potucrunt,  — “ It  islilcewife 
an  admirable  thing  in  fome  aquatic  animals  which  are  produced 
on  land, fuch  as  crocodiles,  river-tortoifes,  and  fome  ferpents,  that 
as  foon  as  they  are  able  to  crawl,  they  betake  themfelves  to  the 
water : fo  when  ducks  eggs  are  hatched  by  a hen,  the  cliicks 
leave  their  mother,  and  as  foon  as  they  can  fee  the  water,  run  to 
k."— C/V.  de  Nat,  Dear.  1.  2.  c.  48. 

5 Nay, 
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Nay,  and  as  the  matter  is  admirably  w^ll  ordered, 
yet  confidering  the  world’s  increafe,  there  would 
not  be  fufhcient  room,  food,  and  other  neceflaries 
for  all  the  living  creatures,  without  another  grand 
a£l  of  the  Divine  wifdom  and  providence,  which  is 
the  balancing  the  number  of  individuals  of  each  fpe- 
cies  of  creatures,  in  that  place  appointed  thereto : 
Of  which  in  the  next  Chapter. 
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CHAP.  X. 

Of  the  Balance  of  Animals,  or  the  due  Proportion 
in  which  the  World  is  flocked  with  them. 

HE  whole  furface  of  our  globe  can  afford  room 
and  fupport  only  to  fuch  a number  of  all  forts 
of  creatures.  And  if  by  their  doubling,  trebling, 
or  any  other  multiplication  of  their  kind,  they 
fhould  increafe  to  double  or  treble  that  number, 
they  muff  ftarve,  or  devour  one  another.  The 
keeping  therefore  the  balance  even,  is  manifeftly 
a work  of  the  Divine  wifdom  and  providence. 
To  which  end,  the  great  author  of  life  hath  deter- 
mined the  life  of  all  creatures  to  fuch  a length, 
and  their  increafe  to  fuch  a number,  proportional 
to  their  ufe  in  the  world,  The  life  of  fome  crea- 
tures is  long,  and  their  increafe  but  fmall,  and  by 
that  means  they  do  not  over-ftock  the  world.  And 
the  fame  benefit  is  effefted,  where  the  increafe  is 
great,  by  the  brevity  of  fuch  creatures  lives,  by 
their  great  ufe,  and  the  frequent  occafions  there  are 
of  them  for  food  to  man  or  other  animals.  It  is  a 
very  remarkable  ad  of  the  Divine  providence,  that 
ufeful  creatures  are  produced  in  great  plenty  {a), 

and 

{a)  Benigiia  circa  hoc  Natura,  innocua  efculenta  anmaUar 
facunda  gencravit.T-^^  Nature  in  her  bounty  hath  rendered  thofc 

s animals 
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and  others  In  lefs.  The  prodigious  and  frequent 
increafe  of  infers  *,  both  in  and  out  of  the  waters, 
may  exemplify-  the  one ; and  it  is  obfervable  in  the 
other,  that  creatures  lefs  ufeful,  or  by  their  voracity 
pernicious,  have  commonly  fewer  young,  or  do  fel- 
domer  bring  forth : of  which  many  inftances  might 
be  given  in  the  voracious  beads  and  birds.  But 
there  is  one  fo  peculiar  an  animai,  as  if  made  for 
a particular  inftance  in  our  prefent  cafe,  and  that 
is  the  condor  of  Feru  (i>),  a fowl  of  that  magni- 
tude, 

animals  very  prolific,  which  are  wholefome  and  fit  for  the  food 
of  man.” — P/in.  Nat.  Htjl.  1.  8.  c.  55. 

{V)  Captain  J.  Strong,  gave  me  this  account , together  nuith  a 
quill-feather  of  the  condor  of  Peru.  On  the  coafl  of  Chili,  they 
met  nuith  this  bird  in  about  33'^/.  lat,  not  far  from  Mocha,  an 
ifand  in  the  fouth  fea^ — they  Jhot  it  fitting  on  a cliff,  by  the  feafide  } 
that  it  no  as  16  feet  from  nuing  to  nving  extended’,  that  the  Spanifh 
inhabitants  told  them  they  were  afraid  of  thefe  birds,  left  they  Jbould 
prey  upon  their  children,  jitid  the  feather  he  gave  me  (faith  the 
Dodlor)  is  two  feet  four  inches  long  ; the  quill-part  Jive  inches  three 

quarters 


* Linnsus  was  the  firft  who  obferv-ed  one  ufe  of  infefls 
which  his  own  hypothefis  refpedling  the  generation  of  plants 
had  led  him  to  remark.  This  is,  that  by  fliifting  from  one 
plant  to  another  of  the  fame  fpecies,  they  convey  the  pollen  of 
the  male  plant  to  the  ftigma  of  the  female.  “ In  this  tvay,” 
fays  he,  “ it  is  reafonable  to  think  that  many  dioicous  plants 
are  impregnated.  Nay  even  the  hermaphrodites  themfelves  arc 
greatly  obliged  to  the  different  tribes  of  infedls,  which  by  flut- 
tering and  treading  in  the  corolla,  are  conflantly  fcattcring  the 
pollen  about  the  ftigma.”  Editor, 
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tude,  flrength,  and  appetite,  as  to  feize  not  only  on. 
the  flieep,  and  leffer  cattle,  but  even  the  larger 
beafls,  yea,  the  very  children  too.  Now  thefe,  as 
they  are  the  mofl;  pernicious  of  birds,  fo  are  they 
the  mod  rare,  being  feldom  feen,  or  only  one,  or 
a few  in  large  countries ; enough  to  keep  up  the 
fpecies  j but  not  to  overcharge  the  world. 

Thus  the  balance  of  the  animal  world,  is, 
throughout  all  ages,  kept  even ; and  by  a curious 
harmony  and  juft  proportion  between  the  increafe 
of  all  animals  and  the  length  of  their  lives,  the 
world  is  through  all  ages  well,  but  not  over  ftored  : 
Ofie  generation  pajfeth  away^  and  another  genera- 
tion 

quarters  long,  and  one  inch  and  half  about  in  the  largejl  part.  It 
nveighed  3 dr.  17  gr.  and  half,  and  is  of  a dark  brown  colour. 
Dr.  Sloane  in  Philof.  Tranf.  No.  208. 

To  this  account,  the  Doftor  ( in  a letter  to  Mr.  Ray,  March  , 
1694,  with  other  papers  of  Mr.  Ray’s,  in  my  hands)  adds 
the  teftimony  of  Jof.  Acofla,  1.  4,  c.  7.  and  Garcilajf.  de  la 
Vega,  who,  I.  8.  c.  19.  faith.  There  are  other  fowls  called 
by  the  Spaniards  Condor.  Many  of  thefe  fowls,  having  been 
killed  by  the  Spaniards,  had  their  proportiop.  taken,  and from  end  to  ' 
end  of  their  wings  jneafured  15  or  16  feet. — Nature,  to  temper 
and  allay  their  fercenefs,  denied  them  the  talons  which  are  given  to 
the  eagle  ; their  feet  being  tipped  with  claws  like  a hen  : however, 
their  beak  isjlrong  enough  to  tear  off  the  hide,  and  rip  up  the  bowels 
of  an  ox.  Two  of  them  will  attempt  a cow  or  hn\\,‘  >and  devour 
him  : and  it  hath  often  happened,  that  one  of  them  alone  hath  ajfaulted 
boys  of  ten  or  twelve  years  of  age,  and  eaten  them.  Their  colour  is 
black  and  white,  Uke  a magpie.  It  is  well  there  are  but  few  of 
them  ; for  if  they  were  many,  they  would  very  much  defroy  the  cattle, 
fhey  have  on  the  forepart  of  their  heads  a comb,  not  pointed  like 

S 3 that 
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ilon  Cometh  {c)  ; fo  equally  in  its  room,  to  balance 
the  (lock  of  the  terraqueous  globe  in  all  ages,  and 
places,  and  among  all  creatures  ; that  it  is  an  aftual 
demonftration  of  our  Saviour’s  aflertion.  Mat.  x. 
29.  that  the  mofl;  inconfiderable,  common  crea- 
ture, even  a fparrow.,  ( two  of  which  are  fold  for  a 
farthmg^J  doth  not  fall  on  the  ground  witJoout  our 
heavenly  Father. 

This  providence  of  God  is  remarkable  in  every 
fpecies  of  living  creatures : but  that  efpecial  ma- 
nagement of  the  recruits  and  decays  of  mankind, 
fo  equally  all  the  world  over,  deferves  our  efpecial 
obfervation.  In  the  beginning  of  the  world,  and  fo 
after  Noahh  flood,  the  longevity  of  men,  as  it  was 
of  abfolute  neceffity  to  the  more  fpeedy  peopling 
of  the  new  world ; fo  is  it  a fpecial  inflance  of  the 
Divine  Providence  in  this  matter  (^/}.  And  the 

fame 

that  of  a cod  ; but  rather  even,  in  the  form  of  a razor.  When  they 
come  to  alight  from  the  air,  they  make  fuch  a humming  tioife,  with  the 
f uttering  of  their  wings,  as  is  enough  to  afonifh,  or  make  a man 
deaf. 

(c)  Ecclef.  i.  4. 

I^d)  The  divine  providence  doth  not  only  appear  in  the  ion-r 
gevity  of  man,  immediately  after  the  creation  and  flood  ; but  alfo 
in  their  different  longevity  at  thofe  two  times.  Immediately 
after  the  creation,  when  the  world  was  to  be  peopled  by  one  man, 
and  one  woman,  the  age  of  the  greateft  part  of  thofe  on  record, 
was  900  years,  and  upwards.  But  after  the  flood,  when  there 
were  three  perfons  by  whom  the  world  was  to  be  peopled,  none 
pf  thofe  patriarchs,  except  Shan,  arrived  to  the  age  of  500  ; 
jjnd  only  the  three  firft  of  Shan's  line,  viz.  Arphaxad,  Salah,  and 

Eber, 
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fame  Providence  appears  in  the  following  ages, 
when  the  world  was  pretty  well  peopled,  in  re- 
ducing the  common  age  of.man  then  to  120  years, 
(Gen.  vi.  3.)  in  proportion  to  the  occafions  of  the 
world  at  that  time.  And  laftly,  when  the  world 
was  fully  peopled  after  the  flood,  (as  it  was  in  the 
age  of  M^es,  and  fo  down  to  our  prefent  time,) 
the  leflening  the  common  age  of  man  to  70  or  80 
years  (e),  (the  age  mentioned  hjMofes,  Pfal.  xc.  10. 

this 

Ebetf  came  near  that  3ge  j which  was  in  the  firft  century  after 
the  flood.  But  in  the  fecond  century,  we  do  not  find  any  reached 
the  age  of  240.  And  in  the  third  century,  (about  the  latter 
end  of  which  Mrahamwns  born,)  none,  except  Tenth,  arrived 
to  200  years;  by  which  time  the  world  was  fo  well  peopled, 
(that  part  of  it,  at  kail,  where  Ah-aham  dwelt,)  that  they  had 
built  cities,  and  began  to  be  cantoned  into  diftind  nations  and 
focieties,  under  their  refpeftive  kings  ; fo  that  they  were  able  to 
wage  war,  four  kings  againft  five.  Gen.  xiv.  Nay,  if  the  ac- 
counts of  Anian,  Berothus,  Manetho,  and  others,  yea  Afrtcanus, 
be  to  be  credited  ; the  world  was  fo  well  peopled,  even  before 
the  times  we  fpeak  of,  as  to  afford  fufficient  numbers  for  the 
great  kingdoms  of  AJfyria,  Egypt,  Perfta,  See.  But  learned 
men  genei-ally,  with  great  reafon,  rejeft  thefe  as  legendary  ac- 
counts. ^ 

If  the  reader  hath  a mind  to  fee  a computation  qf  the  increafe 
of  mankind,  in  the  three  firft  centuries  after  the  flood,  he  may 
find  two  diflerent  ones  of  the  moft  learned  archbifhop  U/her,  and 
Petavws ; together  with  a refutation  of  the  fo  early  beginning 
of  the  AJyrian  monarchy  ; as  alfo  reafons  for  placing  Abraham 
near  1000  years  after  the  flood,  in  our  moft  learned  bifhop  StiU 
Itngfieees  Or'ig.  Sacr.  Bool  ill.  chap.  feB.  9. 

(e)  That  the  common  age  of  man  hath  been  the  fame  In  all 
ages  fince  the  wprld  was  peopled,  is  manifeft  from  profane  as 

, ® ^ well 
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this,  I fay,)  is  manifeftly  an  appointment  of  the 
fame  infinite  Lord  that  ruleth  the  world : for,  by 

. / this 

well  as  facred  hiftory.  To  pafs  by  others  : Plato  lived  to  the 
age  of  81,  and  was  accounted  an  old  man.  And  thofe  which 
Pliny  reckons  up,  /.  7.  r.  48.,  as  rare  examples  of  long  life, 
may  for  the  moll  part  be  matched  by  our  modern  hiftories ; 
cfpecially  fuch  as  Pliny  himfelf  gave  credit  unto.  Dr.  Plot 
hath  given  us  divers  inftances  in  his  hiftory  of  Oxfordjhire,  c.  2. 
fed.  3 . and  r.  8.  feft.  54.  and  Hiftory  of  Staffordjhire,  c.  8.  feft. 
91,  iyde.  Among  others,  one  is  of  twelve  tenants  of  Mr.  Bid- 
dtdph’s,  that  together  made  1000  years  of  age.  But  the  moft 
confiderable  examples  of  aged  perfons  among  us,  is  of  old  Parr 
of  Shropjlnre,  who  lived  152  years  nine  months,  according 
to  the  learned  Dr.  ffarvey’s  account ; and  Henry  Jenkins 
of  Torhjlnre,  who  lived  169  years,  according  to  the  account 
of  my  learned  and  ingenious  friend  Dr.  Tancred  Robinfon ; of 
both  which,  with  others,  fee  Lonvth.  Abridg,  Phil.  Pranf.  v.  iii. 
p.  306.  The  great  age  of  Parr  of  Shropjldre  minds  me  of  an 
obfervation  of  the  reverend  Mr.  Plaxton,  that  in  his  tw'o  parilhes 
of  Kinardfey  and  Donington  in  Shrop/hire,  every  fixth  foul  was  60 
years  of  age,  or  upwards.  Phil.  Pranf.  No.  310. 

And  if  we  ftep  farther  north  into  Scotland,  w'e  lhall  find  divers 
recorded  for  their  great  age  ; of  which  I lhall  prefent  the  reader 
with,  only  one  modern  example  of  one  Laurence,  who  married  a 
wife  after  he  was  100  years  of  age,  and  would  go  out  to  fea  a 
filhing  in  his  little  boat,  when  he  was  140  years  old  j and  is 
laitely  dead  of  no  other  diftemper  but  mere  old  age,  faith  Sir 
Rob.  Sibbald,  Prodr.  Hijl.  Nat.  Scot.  p.  44.  and  1.  3.  p*  4. 

As  for  foreigners,  the  examples  would  be  endlefs  ; and  there- 
fore that  of  Joh.  Ottele  lhall  fuffice,  who  was  as  famoirs  for  his 
beard,  as  for  being  1 1 5 years  of  age.  He  was  but  two  Brabant 
ells  I high  ; and  his  long  grey  beard  \vas  one  ell  i long.  His 
piclure  and  account  maybe  feenin  Ephem.  Germ.  P.  3.  Obf.  163. 

As  for  the  ftory  Roger  Bacon  tells,  of  one  that  lived  900 
years  by  tli€  help  of  a certain  mcdiciae,  and  many  other  fuch 

{lories, 


CH.  X. 


OF  ANIMALS. 


2^3 


this  means,  the  peopled  world  is  kept  at  a conve- 
nient ftay ; neither  too  full,  nor  too  empty.  For 
if  men  (the  generality  of  them,  I mean)  were  to 
live  now  to  Methufelah*s  age  of  969  years,  or  only 
to  Abrahamh,  long  after  the  flood,  of  175  years, 
the  world  would  be  too  much  over-run  5 or  if  the 
age  of  man  was  limited  to  that  of  divers  other  ani- 
mals, to  ten,  twenty,  or  thirty  years  only  5 the  de- 
cays then  of  mankind  would  be  too  fall; : but  at 
the  middle  rate  mentioned,  the  balance  is  nearly 
even,  and  life  and  death  keep  an  equal  pace. 
Which  equality  is  fo  great  and  harmonious,  and  fo 
manifefl:  an  inftance  of  the  divine  management, 
that  I fhall  fpend  fome  remarks  upon  it. 


ftones,  I look  upon  them  as  fabulous.  And  no  better  is  that 

f faid  to  have  been 

prefent  at  our  Saviour’s  crucifixion:  although  very  ferious 

Hones  are  told  of  his  being  feen  at  ^„,«,«/and U iZT 
about  the  -:ddIeof  the  laft  century  but  one ; fnd  before  hi  2? 

before  that,  viz.  in  1228,  feen  and  converfed  with  by  an 

manarchhjhop  s gentleman  ; and  by  others  at  other  times. 

If  the  reader  hath  a mind  to  fee  more  examples,  he  may  meet 

with  fome  of  dl  ages,  in  the  learned  Hake^UVs  Apol  1.  181 

Ir  leamed  author’s  opiin'of  th^ 

the^  The  brevity 

thereof  he  attributeth  to  a too  tender  education,  fucking 

fauces’ 1 ^ hut  above  all,  to  luxufy,  high 

fauces,  ftrong  liquors,  Sffr.  The  longevity  of  the  antients  he 
afcnbes  to  temperance  in  meat  and  drink,  Pointing  the  body! 
ufe  of  faffron  and  honey,  warm  clothes  IpHVr  A 

™do„„  U6  phyfi.  mJ;.x=r™fc  ’ 
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It  appears  from  our  befl  accounts  of  thefe  mat- 
ters, that  in  our  European  parts  (/),  and  I believe 
the  fame  is  throughout  the  world ; that,  I fay,  there 
is  a certain  rate  and  proportion  in  the  propagation 


(y)  The  proportions  which  marriages  bear  to  births,  and 
births  to  burials,  in  divers  parts  of  Europe,  may  be  feen  at  an 
cafy  view  in  this  Table: 


NAMES  OF  THE  PLACES. 

Marriages 
to  Births:  as 

Births  to 
Burials:  as 

England  In  general. 

I to  4*63 

I‘I2 

to 

I 

London. 

I to  4‘ 

I 

to  I‘ 

I 

Hantjhire,  irom  1569,  to  1658. 

I to  4‘ 

I‘2 

to 

I 

Tiverton  in  Devon.  1560,  to  1649. 

I to  3‘7 

1*26 

to 

I 

Cranbrook  in  Kent,  1560,  to  1649. 

I to  3‘9 

i‘6 

to 

I 

Ayhno  in  Northamptonjls.  for  1 1 8 years. 

I to  6 

I ‘6 

to 

I 

Leeds  in  Yorhjlnre  for  122  years. 

I to  3‘7 

I ‘07 

to 

1 

Harwood  in  Torkjhire  57  years. 

I to  3‘4 

I‘23 

to 

I 

Upminjler  In  EJfex  100  years. 

I to  4‘6 

I ‘08 

to 

I 

Frankfort  on  the  Main  in  1695. 

I to  3‘7 

I ‘2 

to 

I 

Old  middle  and  lower  March  in  1698. 

I to  3'7 

I ‘9 

to 

I 

Domin.  of  the  K.  of  Pruffta  In  1698. 

I to  3 ‘7 

I ‘5 

to 

I 

Brejlanu  in  Silejta  from  1687,  to  1691. 

I ‘6 

to 

I 

Paris  In  1670,  1671,  1672. 

I to  4‘7 

i‘ 

to  I 

‘6 

Which  table  I made  from  major  Grannies  obfervations  on  the 
bills  of  mortality ; Mr.  King’s  obfervations  in  the  firft  of  Dr. 
Daveuant’s  effays ; and  what  I find  put  together  by  my  inge- 
nious friend  Mr.  Lonvthorp,  in  his  Abridgment,  vol.  3.  p.  668, 
and  my  own  regifter  of  Upmitijler.  That  from  Aynho  regiller 
in  North amptonjhire,  I had  from  the  prefent  rcAor,  tlie  learned 
and  ingenious  Mr.  Wajfe : and  I was  promifed  fome  accounts 
from  the  north,  and  divers  other  parts  of  this  kingdom ; but 
have  not  yet  received  them  : only  thofe  of  Leeds  and  Haravood 
in  TotiJJjlre,  from  my  curious  and  ingenious  friend  Mr.  Thorrjby. 


CH,  X, 


OF  ANIMAIS. 


0.6s 

of  mankind : fuch  a number  marry  (g),  fo  many 
are  born,  fuch  a number  die ; in  proportion  to  the 
number  of  perfons  in  every  nation,  county,  or  pa- 
riih.  And  as  to  births,  two  things  are  very  confi- 
derable:  one  is  the  proportion  of  males  and  fe- 
males (Z>),  not  in  a wide  proportion,  not  an  uncer- 
tain, 

(^)  The  preceding  table  flievs,  that  marriages,  one  with 
another,  do  each  of  them  produce  about  four  births ; not  only 
in  England,  but  in  other  parts  of  Europe  alfo. 

And  by  Mr.  Kmg'&  eftimate,  (the  beft  computations  I Ima- 
gine of  any,  being  derived  from  the  beft  accounts ; fuch  as  the 
marriage,  birth,  burlal-adl,  the  poll- books,  life,  by  his  eftimate, 
I fay,)  about  one  in  104  marry.  For  he  judgeth  the  number 
of  the  people  in  England,  to  be  about  five  millions  and  a half ; of 
which  about  41,000  annually  marry.  As  to  what  might  be 
farther  remarked  concerning  marriages,  in  regard  of  the  rights 
and  cuftoras  of  feveral  nations,  the  age  to  which  divers  nations 
limited  mamages,  life.  It  would  be  endlefs,  and  too  much  out  of 
the  way  to  mention  them  : I fhall  only  therefore,  for  the 
reader’s  diverfion,  take  notice  of  the  jeer  of  LaHantius,  quare 
apud  poet  as  falae^fimus  Jupiter  d^it  liber  os  t oiler e ? Utrum  feM- 
genarius  fa&us,  llf  ei  lex  Papta  Jibulam  mpofuit? — “ Why  lias 
Jupiter,  the  moft  falacious  of  all  the  gods,  ceafed  to  have  pro- 
geny ? Is  it  that,  being  now  above  fixty  years  old,  he  is  pad- 
locked by  the  Paplan  law.” — Laftant.  Inftit.  1.  i.  c.  16.  By 
which  lex  Papia,  men  were  prohibited  to  marry  after  60,  and 
women  after  50  years  of  age. 

(/j)  Major  Graunt  (whofe  conclufions  feem  to  be  well- 
grounded)  and  Mr.  King  difagree  In  thejiroportlons  they  aflign 
to  males  and  females.  This  latter  makes  in  London  10  males 
to  be  to  13  females  ; in  other  cities  and  market-tbwns,  8 to  9 ; 
and  In  the  villages  and  hamlets,  100  males  to  99  females.  But 
major  Graunt,  both  from  the  London  and  country  bills,  faith, 
there  are  14  males  to  13  females;  from  whence  he  juftly  Infers, 
That  the  Chrijlian  religion,  prohibiting  polygamy,  is  more  agreeable  to 
the  latu  of  Nature  than  ybkomzXilm,  and  others  that  allow  it,  c.  8. 
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tain,  accidental  number  at  all  adventures ; but 
nearly  equal.  Another  thing  is,  that  a few  more 
are  born  than  appear  to  die,  in  any  certain  place  (/)  ; 

; which 

This  proportion  of  14  to  13,1  Imagine,  Is  nearly  juft,  It  being 
agreeable  to  the  bills  I have  met  with,  as  well  as  thofe  In  Mr. 
Craunt.  In  the  1 00  years,  for  example,  of  my  own  parllh-re- 
glfter,  although  the  burials  of  males  and  females  were  nearly 
equal,  being  636  males,  and  623  females,  in  all  that  time ; yet 
there  were  baptifed  709  males,  and  but  675  females,  which  is  i j 
females  to  13^7  males.  'Whlcl-.  inequality  (hews,  not  only,  that 
one  man  ought  to  have  but  one  wife  ; but  alfo  that  every  woman 
may,  without  polygamy,  have  an  hulhand,  if  ftie  doth  not  bar 
hcrfelf  by  the  want  of  virtue,  by  denial,  Alfo  this  furplu- 

fage  of  males  Is  very  ufeful  for  the  fupplies  of  war,  the  feas,  and 
other  fuch  expences  of  the  men  above  the  women. 

That  this  Is  a work  of  the  Divine  Provldence^and  not  a matter 
of  chance.  Is  well  made  out  by  the  very  laws  of  chance,  by  a 
perfon  able  to  do  It,  the  Ingenious  and  learned  Dr.  Arbuthnot. 
He  fuppofeth  Thomas  to  lay  againft  John,  that  for  82  years 
running,  more  males  lhall  be  born  than  females  ; and  giving  all 
allowances  In  the  computation  to  Thomas's  fide,  he  makes  the 
odds  againft  Thomas,  that  it  doth  not  happen  fo,  to  be  near  five 
mllions  of  millions,  of  millions,  of  millions  to  one  ; but  for  ages 
of  ages  (according  to  the  world’s  age)  to  be  near  an  infinite 
number  to  one  againft  Thomas.  Vide  Phil.  Tranf.  No.  328. 

(i)  The  foregoing  table  fhews,  that  in  England  in  general, 
fewer  die  than  are  born, there  being  but  one  death  to  i births. 
But  in  London  more  die  than  are  born.  So  by  Dr.  Davenant's 
table,  the  cities  likewife  and  market-towns  bury  i to  one 
birth.  But  in  Paris  they  out-do  London,  their  deaths  being  i \ 
to  one  birth : the  reafon  of  which  I conceive  is,  becaufe  their 
houfes  are  more  crowded  than  in  London.  But  in  the  wllages 
of  England,  there  are  fewer  die  than  are  born,  there  being  but 
I death  to  i ru  births.  And  yet  major  Graunt,  and  Dr.  Da- 
venant  both  obferve,  there  are  more  breeders  in  London,  and  the 

cities 
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which  Is  an  admirable  provlfion  for  the  extraordi- 
nary, emergencies  and  occafions  of  the  world;  to 
fupply  unhealthful  places,  where  death  out-runs 
life ; to  make  up  the  ravages  of  great  pkgues  and 
difeafes,  and  the  depredations  of  war  and  the 
feas ; and  to  afford  a fufficient  number  for  colo- 
nies in  the  unpeopled  parts  of  the  earth.  Or  on 
the  other  hand,  we  may  fay,  that  fometimes  thofe 
extraordinary  expences  of  mankind  may  be  not 
only  a juft  punifhment  of  the  fins  of  men;  but  alfo 
a wife  means  to  keep  the  balance  of  mankind  even  ; 
as  one  would  be  ready  to  conclude,  by  confidering 
the  Afiatic  and  other  the  more  fertile  countries, 
where  prodigious  multitudes  are  yearly  fwept  away 
with  great  plagues,  and  fometimes  war ; and  yet 
thofe  countries  are  fo  far  from  being  wafted,  that 
they  remain  full  of  people. 

* And  now  upon  the  whole  matter.  What  is  all 
this  but  admirable  and  plain  management  ? What 
can  the  maintaining,  throughout  all  ages  and 
places,  thefe  proportions  of  mankind,  and  all  other 
creatures ; this  harmony  in  the  generations  of  men 
be,  but  the  work  of  One  that  ruleth  the  world  ? 


cities  and  market-towns,  than  are  in  the  country,  notwithftanding 
the  London  births  are  fewer  than  the  country ; the  reaCon  of 
which  fee  in  Graunt,  c.  7.  and  Davenant,  vhi  fupra,  p.  21. 

The  lafl;  remark  I (hall  make  from  the  foregoing  table  fhall  be, 
that  we  may  from  thence  judge  of  the  healthfuinds  of  the  places 
there  mentioned.  If  the  year  i CejS  was  the  mean  account  of  tlie 
three  March,  thofe  places  bid  the  fairell  for  being  moft  health- 
ful ; and  next  to  them  /iynho  and  Cranhrook  for  LnAifi  towns. 

^ Is 
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Is  it  poffible  that  every  fpecies  of  animals  fliould  fo 
evenly  be  prefetved,  proportionate  to  the  occafions 
of  the  world  ? That  they  fliould  be  fo  well  balanced 
in  all  ages  and  places,  without  the  help  of  Al- 
mighty wifdom  and  power  ? How  is  it  poflibk  by 
the  bare  rules  and  blind  afts  of  Nature,  that  there 
fliould  be  any  tolerable  proportion;  for  inftance, 
between  males  and  females,  either  of  mankind,  or 
of  any  other  creature  (k)  ; efpecially  fuch  as  are  of 
a ferine,  not  of  a domeilic  nature,  and  confequently 
out  of  the  command  and  management  of  man? 
How  could  life  and  death  keep  fuch  an  even  pace 
through  all  the  animal  world  ? If  we  fliould  take 
it  for  granted,  that,  according  to  the  fcripture 
hifliory,  the  world  had  a beginning,  (as  who  can 
deny  it  (/)  ? or  if  we  fliould  fuppofe  the  deilruction 


(;{)  toquar,  quania  ratio  In  befiis  ad  perpetuam  conferva- 

tlonem  earum  generis  appareal  ? Nam  primum  alia  mares,  aTia  fa- 
mine funt,  quod  perpetuitalis  causa  machinata  Natura  eJl.—^<-  What 
Is  more  admh-able  than  the  proportion  obferved  by  Nature  be- 
tween the  numbers  of  males  and  females  in  the  different  tribes  of 
animals,  fo  wifely  ordered  for  the  prefeiwation  of  the  fpecies  ?»— 
Cic.  de  Nat.  Deor.  1.  2.  c.  51. 

(/)  Although  Ariflolle  held  the  eternity  of  the  world,  yet  he 
feems  to  have  retrafted  that  opinion,  or  to  have  had  a different 
opinion  when  he  wrote  his  Metaphyfcs  ; for  In  his  firft  book  he 
affirms,  that  God  is  the  caufe  and  beginning  of  all  things',  wAm 
his  book  de  Mundo  he  faith,  Tkre  is  no  doubt  but  God  is  the 
maker  and  confervator  of  all  things  in  the  viorld.  And  the  Stoic  s 
opinion  Is  well  known,  who  llrcnuoufly  contended,  Ihat  the 
contrivance  and  beauty  of  the  heavens  and  earth,  and  all  crea- 
tures, ivas  owing  to  a wife,  intelligent  Agent,  i u 11c  i u.  y 
gives  a large  account^  In  his  fccond  book  de  Nat.  Deor.  m the 

perfon  of  Balbus,  thereof 
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thereof  by  Noa//s  flood  ; how  is  it  poffible,  after 
the  world  was  repleniflied,)  that  in  a certain  number 
of  years,  by  the  greater  increafes  and  doublings 
of  each  fpecies  of  animals ; that,  I fay,  this  rate  of 
doubling  (ni)  ihould  ceafe ; or  that  it  ftiould  be  com- 

penfated 

''  (m)  I have  before,  in  (^),  obferved,  That  the  ordinary 

rate  of  the  doubling  or  increafe  of  mankind  is,  that  every  mar- 
riage, one  with  another,  produces  about  four  births  ; but  fomc 
have  much  exceeded  that.  earl  of  Ahenfperg,  had  32  fbns 

and  eight  daugliters  ; and  being  invited  to  hunt  with  the  empe- 
ror Henry  II.  and  bring  but  few  fervants,  brought  only  one  fer- 
vant,  and  his  32  fons.  To  thefe  many  others  might  be  added  ■; 
but  one  of  the  moll  remarkable  inllances  I have  any  where  lueC 
with,  is  that  of  Mrs.  Honywood,  mentioned  by  Haheivlll,  Camden, 
and  other  authors  ; but  having  now  before  me  the  names,  with 
fome  remarks,  (which  I received  from  a pious  neighbouring  de- 
feendant  of  the  fame  Mrs.  Honywood,')  I lhall  give  a more  parti- 
cular account  than  they.  Mrs.  Mary  Hbny’wood  was  daughter 
and  one  of  the  co-heirdlfes  of  Robert  Atiuaters,  Efq.  of  Lenham 
in  Kent.  She  was  born  in  1527,  married  in  February  1543,  at 
1 6 years  of  age,  to  her  only  hufband  Robert  Honywood,  of  Charing 
in  Kent,  Efq.  She  died  in  the  93d  year  of  her  age,  in  May  1620. 
She  had  16  children  of  her  own  body,  feven  fons  and  nine 
daughters  ; of  which  one  had  no  iffue,  three  died  young,  and  the 
youngeft  was  flain  at  iV^w/orf-battle,  June  20,  1600.  Her 
grand-children  in  the  fecond  generation,  were  114;  in  the  third, 
228  ; and  nine  in  the  fourth  generation.  So  that  Ihe  could  fay 
;he  fame  that  the  diftich  doth,  made  of  one  of  the  Dalburg'z 
family  of  Bqfd: 

12  3 4 

Mater  att  Notts,  die  Notts,  Jilia  Nat  am 
' 5 6 

Ut  moneat,  Notts,  plangere  Flliolam. 

\ ^ 34 

Rife  up  Daughter,  and  go  to  thy  Daughter,  for  her  DaughteFs 

5 6 

Daughter  hath  a Daughter,  Mrs.  Honywood  was  a veryi  pious 

\Voinan, 
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penfated  by  fome  other  means  ? That  the  world 
ihould  be  as  well,  or  better  flocked  than  now  it  is, 
in  1656  years,  (the  time  between  the  creation  and 
the  flood  ; this,)  we  will  fuppofe  may  be  done  by 
the  natural  methods  of  each  fpecies  doubling  or  in- 
creafe : but  in  double  that  number  of  years,  or  at 
this  diflance  from  the  flood,  of  4000  years,  that  ihe 
world  fhould  not  be  over-flocked,  can  never  be 
made  out,  without  allowing  an  infinite  Providence. 

I conclude  then  this  obfervation  with  the  Pfal- 

mifl’s  words,  'Pfal.  civ.  29,  30,  Thou  hideji  ihy 

faee^  all  creatures  are  troubled ; thou  takeji  away 

their  breathy  they  die,  and  return  to  their  diift.  Thou 

Jendeji  forth  thy  Spirit,  they  are  created  ^ and  thou, 

reneweji  the  face  of  the  earth, 

/ 

woman,  affliiSed,  in  her  declining  age,  with  defpair,  in  fome 
meafure  ; concerning  which,  fome  divines  once  difcourling  with 
her,  file  in  a paffion  faid.  She  was  as  certainly  damned  as  this  glafs 
is  Iroheii  (throwing  a Venice  glafs  againlb  the  ground,  which  ihe 
had  then  in  her  hand).  But  the  glafs  efcaped  breaking,  as  ere. 
^ble  witnefles  attefled. 
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